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Report of the Executive Committee. 


To His Excellency George P. McLean, 


Governor of Connecticut: 


In accordance with the resolution of the General Assembly ~ 
concerning the congressional appropriations to the Agricultural 
Experiment Stations, and an Act of the General Assembly 
approved March 19, 1895, relating to the publication of the 
Reports of the Storrs Agricultural Experiment Station, we 
have the honor to present herewith the Fourteenth Annual 
Report of that Station, namely, that for the year rIgot. 

The accompanying report of the Treasurer gives the details 
of receipts and expenditures. We refer you to the report of 
the Director and his associates for a statement of the work 


accomplished during the past year. 


Respectfully submitted, 


GEORGE A. HOPSON, YS mises 


Bee Cae AMER SINE 7 : 
\ Commuttee. 
GEORGE S. PALMER, 


Report of the Treasurer 


FOR THE FISCAL YEAR ENDING JUNE 30TH, 1901. 


The following summary of receipts and expenditures, made 
out in accordance with the form recommended by the United 
States Department of Agriculture, includes, first, the Govern- 
ment appropriation of $7,500, and, secondly, the annual appro- 
priation of $1,800 made by the State of Connecticut, together 
with various supplemental receipts. These accounts have been 
duly audited according to law, as is shown by the Auditors’ 
certificates, copies of which are appended. 


GOVERNMENT APPROPRIATION—RECEIPTS AND EXPENDITURES. 


RECEIPTS. 
United States Treasury, - - - - - - - - - - - $7,500 00 
EXPENDITURES. 
Salaries, - - - - - - - - - - - - - - - 4,091 08 
Labor, - - - - - - - - - = - - - - - Oat 53 
Publications, - - - - - - - - - - - - - - 76 78 
Postage and stationery - - - - - - - - - - - - 336 138 
Freight and express, - - - - - - - - - - - - 96 45 
Heat, light and water, - - - - - - - - - - - - 627 36 
Chemical supplies, - - - - - - - - - - - - 220 98 
Seeds, plants and sundry supplies, - - - - - - - - - 190 20 
Fertilizers, - - - - - - - - < - - = = = 64 23 
Feeding stuffs, - - - - - - - - - - - - - 133 34 
Tools, implements and machinery, - - - - - - + - - 5 05 
Furniture and fixtures, - - - - = - - = = = - 59 20 
Scientific apparatus, - - - - - - - . - . - - 355 89 
Live stock, - - - - - - - - - = - - = = 25 15 
Traveling expenses, - - - - - - - - > = : - 141 48 
Contingent expenses, - - - - - - - = : - < < 10 00 
Buildings and repairs, - - - - - - = = = = = 915 


$7,500 OO 


AUDITORS’ CERTIFICATE, 

We, the undersigned, duly appointed Auditors of the Corporation, do hereby 
certify that we have examined the books and accounts of the Storrs Agricultural 
Experiment Station for the fiscal year ending June 30, I9g01; that we have 
found the same well kept and classified as above, and that the receipts for the 
year from the Treasurer of the United States are shown to have been $7,500, 
and the corresponding disbursements $7,500; for all of which proper vouchers 
are on file and have been by us examined and found correct, thus leaving no 
balance. 

And we further certify that the expenditures have been solely for the pur- 
poses set forth in the act of Congress, approved March 2, 1887. 

(Signed, ) Gro. A. Hopson, Veanede 
Mie ME SE RUSB DES | 
HARTFORD, CONN., Aug. IO, Igor. 
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STATE APPROPRIATION AND SUPPLEMENTAL RECEIPTS— 
RECEIPTS AND EXPENDITURES. 


RECEIPTS, 


State of Connecticut, - - - - - - - - - - - - $1,800 00 
Miscellaneous receipts, - - - - - - - . - - =) el 2 Sa20) 


$1,928 20 


Salaries, - - - - - - - - - - . - - - - $729 96 
Labor, SY ei ho a SOY EE rae de coves Pies Se NT aed 195 638 
Postage and stationery, alent WR asp Bee Ser Te Wek eh Cyl ee 20 49 
Freight and express, - - - - - - - - - - - - Ti 82 
Heat, light and water, - - - - - - - - - - - - 174 89 
Chemical supplies, - - - - - - - - - - - - 2 50 
Seeds, plants and sundry supplies, -  - - eC IaT nO Cie ew - 87 93 
Bacteriological investigations,  - - - - - - = = = = 530 O7 
Feeding stuffs, - - Shoe y - - - - - - - - - alisy 2X0) 
Tools, implements and machinery, - - - - - - - =P a= 4 86 
Furniture and fixtures, - - - - - - - = = rs : 17 79 
Scientific apparatus, - - - - = - - - - - - - 139 26 
Traveling expenses, - - - - - ~ - - - - - - ales lta: 


$1,928 20 


AUDITORS’ CERTIFICATES. 


We, the undersigned, duly appointed Auditors of the Corporation, do hereby 
certify that we have examined the books and accounts of the Storrs Agricultural 
Experiment Station for the fiscal year ending June 30, 1go0r; that we have 
found the same well kept and classified as above, and that the receipts for the 
year from the Treasurer of the State of Connecticut are shown to have been 
$1.800, and the corresponding disbursements $1,800, for all of which proper 
vouchers are on file and have been by us examined and found correct, thus 
leaving no balance. 

(Signed,) Gro. A. Hopson, \ aupaes 


M. M. FRISBIE,  § 
HARTFORD, CONN., Aug. 10, Igor. 


We, the undersigned, duly appointed Auditors of the Corporation, do hereby 
certify that we have examined the books and accounts of the Storrs Agricultural 
Experiment Station for the fiscal year ending June 30, Igor; that we have 
found the same well kept and classified as above, and that the receipts for the 
year from miscellaneous sources are shown to have been $128.20, and the cor- 
responding disbursements $128.20; for all of which proper vouchers are on file 
and have been by us examined and found correct, thus leaving no balance. 


(Signed), Geo. A. Hopson, APN enc 
M. M. FRISBIE, J 
HARTFORD, CONN., Aug. 10, IgOI. 


W. D. HOLMAN, 7Jreasurer. 


Report of the Director for the Year 1901. 


The work of the Storrs Station during the year Igor has 
been largely in continuation of that of previous years. This 
is in accordance with the policy of the Station since its estab- 
lishment, namely; to concentrate its energies upon a few im- 
portant lines of inquiry and to continue on these from year to 
year as long as circumstances warrant. The principal inquiries 
now in progress at the Station have to do with the nutrition of 
plants, domestic animals, and man, and the bacteriology of the 
dairy. These have included experiments on the effects of fer- 
tilizers upon the growth and composition of plants, studies of 
the rations fed to milch cows, studies of bacteria, especially 
those concerned in normal cream ripening, and investigations 
on the food and nutrition of man. Some account of the ob- 
jects, methods and results of various inquiries in these lines 
are given by different members of the Station staff in this 
Report. Not all the work done during the year is described 
in the present volume, since in some cases the results are not 
yet ripe for publication; on the other hand, some of the articles 
include the results of the work of more than a year. 


FIELD AND POT EXPERIMENTS WITH FERTILIZERS. 


The experiments on the effects of fertilizers upon the growth 
and the composition of plants were carried on in Igo1 as in 
previous years at Storrs, under the direction of Prof. Phelps. 
These include soil tests and soil improvement experiments on 
field plots, and special nitrogen experiments both on field plots 
and in pots. Accounts of the experiments of the past year 
are given by Prof. Phelps in this Report. 


Sozl tests. —The experiment known as soil test has been con- 
tinued at Storrs for twelve years upon the same field. The 
field is divided into parallel plots of equal size, on which fertil- 
izers containing nitrogen, phosphoric acid and potash are ap- 
plied singly and in different combinations, and corn, potatoes, 
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oats and cow peas or soy beans are grown in a four-year rota- 
tion. The object of the experiment is to study the capacity of 
the soil to supply the fertilizing ingredients mentioned, and 
the particular needs of the crops for any or all of them. The 
experiment of 1901 was with soy beans. ‘The deduction from 
the results of this test are in accord with those of previous 
years. From the results obtained during the twelve years of 
experimenting in this particular field, it appears that the fer- 
tilizing ingredients most needed have varied with the crop; 
that is to say, the peculiarities of the plant have had as much 
or more to do with deciding the demand for fertilizers than 
any special deficiency of the soil. Cow peas and soy beans 
have been benefited by phosphoric acid and potash, but have 
paid little heed to nitrogen. Corn and oats have responded 
well to nitrogen, and both have been helped by phosphoric 
acid, but neither has been much increased by potash. Pota- 
toes have been benefited by all three ingredients, and espe- 
cially helped by potash. 


Special nitrogen experiment. —'The object of these experi- 
ments is to obtain information regarding the effects of nitro- 
gen in different fertilizers upon the yield, and more especially 
the composition of different crops. In carrying out these 
experiments the crops are grown on a series of parallel plots 
some of which are without fertilizer, some with definite quan- 
tities of mineral fertilizers only, and others with the mineral 
fertilizers and varying quantities of nitrogen. The effect of 
the nitrogen upon the total yield of the crop is estimated by 
comparing the yields from the plots having the mineral fertili- 
zers alone with those from the plots having different quantities 
of nitrogen in addition to the minerals; the effect upon the 
composition of the crop is likewise estimated by analyzing 
samples of the crops from the different plots. These experi- 
ments are made each year with corn, cow peas and soy beans, 
that of 1901 being the seventh in a consecutive series on the 
same plots. The results of the seven years of experiment 
with these three crops indicate that with the cereals, the effect 
of the nitrogenous fertilizer is to increase both the total yield 
of the crop and the proportion of protein, thus in a two-fold 
way increasing the food value; while with the legumes the 
nitrogen of the fertilizers has very little effect upon either 
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the yield or the composition. The effect of the nitrogenous 
fertilizers upon the yields of the crops has long been known. 
The principle which has been less thoroughly understood, and 
which these experiments are bringing out more clearly, is that 
not only the total amount of the crop, but also the percentage 
of its costliest ingredient, protein, may be increased. In this 
respect particularly the results of the experiments are of im- 
mense practical importance to farmers, in indicating how the 
production of protein on the farm may be increased. 


Pot experiments with fertilizers.—Experiments similar to the 
special nitrogen experiments on the field plots have been car- 
ried on for a few years on a small scale in such a way that 
moisture and other external conditions affecting the growth of 
the plants might be more completely under control. In these 
experiments the plants are grown in pots filled with soil quite 
uniformly mixed, and treated with the same kinds of fertilizers 
as are used in the plot experiments. The results of these 
experiments accord with those of the special nitrogen field 
experiments in indicating that the nitrogenous fertilizers are 
valuable for increasing the quantity and protein content of 
grasses and grains, but are of little value for the legumes. 


Experiment on soil improvement.—The purpose of this exper- 
iment is to study the economy of different methods of manuring 
for restoring fertility to a soil lacking in organic matter and in 
available nitrogen. The experiment was begun in 1899 and 
has since been continued on the same plots. The results thus 
far obtained indicate a high value for legumes like common red 
clover when plowed under for green manuring. 


FEEDING EXPERIMENTS WITH DAIRY HERDS. 


Studies of rations fed to milch cows were carried on during 
the past year as in preceding years, in cooperation with a num- 
ber of farmers in different parts of the State. A report of the 
studies of four herds is given by Prof. Phelps in the present 
Report. The object of these experiments is to learn how 
representative dairy farmers in Connecticut feed their cows, 
compare the results obtained by their methods with results of 
other methods elsewhere, and to suggest improvements wher- 
ever they can be made. Besides serving for instruction to the 
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farmers in methods of scientific study, the cooperative ex- 
periments bring new and valuable informatidn regarding the 
economical feeding of cows for the production of milk and 
butter. The results of the experiments point to the value of 
rations with a narrow nutritive ratio, that is with liberal pro- 
portions of protein, for the production of milk and butter; and 
wherever a wide ration has been found in use an increase in 
the amount of nitrogenous feeding stuffs has been proposed, 
usually with profitable results so far as the short experiments 
have indicated. It is encouraging to observe that dairy farmers 
are becoming more and more familiar with such facts, a num- 
ber of farmers having been found who were feeding rations 
with narrow ratio and large quantities of protein. 


DAIRY BACTERIOLOGY. 


The work upon the bacteria of milk has been continued dur- 
ing the present year by Prof. Conn, aided by Mr. Esten, at 
Wesleyan University. Mr. W. A. Stocking has also been 
employed by the Station and his whole time devoted to carry- 
ing on the experiments in dairy bacteriology at Storrs. The 
experiments conducted by Prof. Conn and his associates during 
the past two or three years are in a new field of inquiry. The 
topics that have been investigated are the sources of bacterial 
contamination of milk in ordinary dairying and the practical 
methods of reducing this contamination, and the question of 
the growth of bacteria in milk under normal conditions. The 
latter subject has a very practical bearing upon problems asso- 
ciated with the healthfulness of milk and with the ripening of 
cream and cheese. It is hoped that the results of the experi- 
ments will ultimately give to dairymen a more satisfactory 
explanation of the relation of the different species of bacteria 
to the quality of their products. The results which are given 
in this Report afford interesting suggestions regarding the 
-dairyman’s methods of handling bacteriological problems in 
the future. Perhaps the most significant is the suggestion 
that the lactic bacteria are rather an advantage than a dis- 
advantage to the dairyman since they protect the milk, cream 
and cheese from the action of other bacteria. 
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FOOD AND NUTRITION OF MAN. 


The inquiries on the food and nutrition of man carried on by 
the Station in cooperation with the United States Department 
of Agriculture for several years past have been continued. 
These include analyses of food materials, studies of dietaries 
of different classes of people, digestion experiments with men, 
determinations of the fuel values of food materials, and met- 
abolism experiments with men in the respiration calorimeter. 
With the exception of the dietary studies, investigations in each 
of these lines have been made during the past year. The de- 
terminations of the composition, digestibility, and fuel values 
of food materials were made in connection with the metabolism 
experiments with men in the respiration calorimeter. Six met- 
abolism experiments were made during the past year, accounts 
of which will be published later. The results of a large num- 
ber of experiments upon the digestibility of food materials are 
given in the present Report. 


ANALYSES OF FOODS, FEEDING STUFFS, ETC. 


In connection with the inquiries of the Station, a large num- 
ber of chemical analyses are required. These include analyses 
of crops grown in the tests with fertilizers, and of foods and 
other materials used in the metabolism experiments with man. 

In addition to the chemical analyses of the various foods, 
feeding stuffs, etc., the heats of combustion of a large number 
of specimens have also been determined. 


METEOROLOGICAL, OBSERVATIONS. 


The usual observations of temperature, barometic pressure, 
wind velocity, humidity and precipitation have been made at 
Storrs. In addition, records of rainfall during the growing 
season have been made in other places in different parts of the 
State by farmers who have cooperated with the Station. 


DISSEMINATION OF INFORMATION. 


Considerable attention is given to the dissemination of the 
results of the work of the Station. Annual Reports and Bul- 
letins are published and distributed throughout the State and 
elsewhere. ‘The Reports contain the more technical details of 
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the investigations for permanent record and for the especial 
use of those particularly interested in such matters, while the 
Bulletins are of a more popular nature and present the practi- 
cal side of the results of the work. The latter are printed in 
larger numbers than the former. 

The Station has also an extensive correspondence, letters 
being written in answer to questions concerning the work 
which come not only from Connecticut and other parts of the 
United States, but also from foreign countries. In addition to 
this, members of the Station staff have given frequent lectures 
and addresses before institutes, conventions, and other meet- 
ings of farmers and dairymen. 

W. O. ATWATER, Director. 
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THE COMPARATIVE GROWTH OF DIFFERENT 
SPECIES OF BACTERIA IN NORMAL MILK. 


BY H. W. CONN AND W. M. ESTEN. 


The study of the bacteria in milk carried on during the last 
fifteen years has been confined largely to two lines of inquiry. 
(1) There has been a large amount of quantitative bacterio- 
logical study, determining the number of bacteria in milk under 
different conditions; and (2) there has been a large amount of 
work done in separating from milk different species of micro- 
organisms and carefully studying their biological characters. 
This has continued until there are described in literature more 
than 200 species of bacteria more or less characteristic of milk 
or some of its products. Although this work has continued in 
very large amount for many years, the information which has 
been obtained in regard to the actual species of bacteria in milk 
under different conditions, is very slight indeed. Very little 
attention has been given to the growth of different species of 
bacteria under normal conditions. De Freudenreich,* Russell 
and Winzirl,j and Harrison,{ have carried on some such 
studies in regard to the bacteria present in cheese during the 
period of ripening, resulting in some considerable change in 
the belief of scientists as to the real nature of the ripening 
process in cheese. Practically nothing, however, has hitherto 
been known of the development of different species of bacteria 
in normal milk. The increase in numbers has been deter- 
mined in scores of cases, but no studies have been made upon 
the question as to whether this increase, occurring as the milk 
ages, is an increase in all kinds of dairy bacteria, or whether 
it is only certain species that thus develop at the expense of 
others. 


*Centblf. Bact. wu. Par. Il., LIL., 1897. 
+ Wisconsin Exp. Sta. Rept., 1896. 
{ Harrison, Trans. Can. Inst., 1901, VII. 
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A better knowledge of the actual growth of bacteria in milk 
under normal conditions would be useful in at least three differ- 
ent directions. 

1. The general biological laws which control living things 
are materially concerned in such a problem. It is clear enough 
that there must be going on in the milk, for the first day or 
two after it has been drawn from the cow, an intense bacterio- 
logical struggle. The different species of bacteria are endeav- 
oring to adapt themselves to the conditions, and there is a - 
“struggle for existence’’ among them, the conclusion of which 
is a matter of much importance in its bearing upon general 
biological laws. 

2. The value of such a knowledge to the dairy industry 
would doubtless be very great, although in advance it is quite 
impossible to predict just what its practical use might be. It 
would show what species are likely to disappear in the struggle 
for existence. It might perhaps give us information in regard 
to the conditions which would be required for checking the 
growth of undesirable organisms, and favoring the growth of 
desirable organisms. It might give practical results bearing 
upon the problem of controlling the bacteria of the milk supply 
as well as upon problems connected with cream ripening. The 
lack of knowledge in regard to the real growth of bacteria in 
milk and cream under normal conditions is doubtless one rea- 
son why we have hitherto not been able to solve successfully 
the problem of artificial cream ripening. 

3. The healthfulness of milk is very closely associated with 
the problem of the growth of bacteria. It is a general belief 
that a warm summer temperature renders milk a dangerous 
article of food, especially for children, and that this is because 
the warm temperature stimulates the growth of bacteria. It 
has been consequently assumed, without any proof for the 
assumption, that the wholesomeness of milk can be determined 
by the number of bacteria which are present. But there are, 
however, rapidly increasing reasons for believing that this does 
not express the whole case. It is not simply the number of 
bacteria in milk which is concerned in the wholesomeness of 
the milk. Milk containing large numbers of bacteria has 
been found to be healthful; and it is quite certain that milk 
might contain only small numbers of bacteria but would be 
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decidedly injurious if these small numbers were pathogenic 
types. We have shown in previous work* that in cream which 
is a few hours old the large proportion of the bacteria present 
are lactic organisms, so large a proportion that the lactic bac- 
teria are sometimes regarded as the normal bacteria of milk. 
There is at the present time much evidence for believing that 
‘the lactic bacteria, so far from being a detriment to the whole- 
someness of the milk, are really advantageous. It is true that 
they cause the milk to sour if they become too abundant; 
but the acid that they produce in milk protects the milk from 
other fermentations which are probably more injurious. It is 
very probable that putrefactive changes which take place in 
milk if the lactic organisms are not present are more injuri- 
ous to health than the development of lactic acid. Lactic 
acid in itself is not injurious in small quantities, and there is 
no reason for believing that the presence of lactic bacteria in 
milk, even in considerable numbers, will, to any appreciable 
extent, detract from the healthfulness of the milk. On the 
other hand, there is good reason for believing that the putre- 
factive changes in milk which other types of bacteria produce, 
if they have an opportunity of developing therein, will be quite 
likely to result in intestinal disturbances. It is at least a prob- 
ability that much of the diarrhoeal disturbance in children is 
due to the putrefactive fermentation of milk, and it is almost 
certain that these are not due primarily to lactic bacteria. 
Indeed, it has been shown by Bienstocky that the lactic bac- 
teria are probably useful in the intestine. If they are absent 
from the intestines of animals the intestinal contents are quite 
sure to undergo an offensive putrefactive fermentation, while 
the presence of either lactic bacteria or the common ZB. colz 
prevents the putrefactive condition of intestinal digestion. 
These experiments of Bienstock have not as yet been con- 
firmed, but they are quite in accordance with the general con- 
clusion which has been reached by several observers, that the 
presence of lactic organisms in milk prevents putrefactive fer- 
mentation, and that these bacteria should therefore be looked 
upon as a protection to the milk from the standpoint of its 
wholesomeness, rather than as injurious in their action. 


* Storrs Expt. Sta. Rept. 1900. 
y An. d. 1. Inst. Past. XIV. p. 750. 
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If these facts are true it follows that the study of the develop- 
ment of the species of bacteria in milk is a matter likely to be 
of great importance in giving data for determining the whole- 
someness of milk, and any facts which can be given bearing 
upon this general subject will be contributions toward the solu- 
tion of problems connected with the use of milk. 

The reason that such studies have not been hitherto carried 
out is doubtless chiefly the difficulty of the study. ‘To make 
a quantitative test of bacteria in milk is very easy, but to 
determine what species are present is much more difficult and 
requires a long study of each individual sample; and to deter- 
mine the percentage of each species present in the whole sample 
of milk has been hitherto practically an impossibility. The 
only method that can be used is that of making ordinary bac- 
teriological plates and then carefully counting colonies on the 
plates. It is well known to all bacteriologists that, whereas it 
is possible by study of such plates to differentiate certain species 
of bacteria from each other, a complete differentiation is quite 
impossible. Many species of bacteria produce colonies upon 
gelatin plates which are so closely alike that they cannot be 
distinguished, and thus it is quite impossible to determine what 
proportion of all bacteria present may belong to one species and 
what proportion to another. ‘The difficulties of such a line of 
study have been so great that it has never been followed be- 
yond the differentiation of a few simple characteristic types. 
De Freudenreich, Russell and Winzirl, and Harrison, have 
studied the proportion of lactic bacteria in cheese, and Jensen* 
has in a similar way made estimations of the number of a few 
species of organisms present in butter. But beyond some slight 
differentiation of a few characteristic forms, no work of this 
kind has hitherto been attempted. 

In the laboratory at Wesleyan University there has been 
developed during the last three or four years a method of 
studying milk bacteria which enables us to make a moderately 
satisfactory differentiation of species from each other. This 
method, which was devised several years ago, has been in 
constant use in our work, and the more it has been used the 
more we have been convinced that it enables us to separate 
species from each other in a manner superior to that in which 


* Centbl. f. Bact’ u.. Par. II., VILI., 1902) p! rr. 
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it can be done by any other method yet described. It has 
required several years for us to learn to understand the results 
to as to work with a considerable degree of satisfaction, and 
even yet we are only able to get an approximation toward a 
complete analysis. Experience, however, has enabled us to 
distinguish with considerable accuracy the colonies produced 
upon gelatin plates by all, or at least most, of the more com- 
mon milk bacteria. 


METHOD OF EXPERIMENTATION. 


The method that has been adopted in this laboratory is based 
upon the use of a gelatin culture medium to which has been 
added a certain amount of litmus. This culture medium has 
already been described, but its careful preparation is so impor- 
tant for a proper differentiation of species that a description of 
the method of preparing it is here given. 


Preparation of litmus-sugar-gelatin.— The culture medium 
which we use is made as follows: 


ia NVaten, - - = 5OO)CC: 
Peptone;- 5- - - 10 grams. 
Milk sugar, - - 30 grams. 
Gelatin, - . - 120 grams. 


Liebig’s extract of beef, 5 grams. 


The amount of milk sugar added is about 3 per cent. of the 
solution finally prepared. ‘The purpose of this is to obtain as 
closely as practicable the conditions in milk. We use Liebig’s 
extract of beef rather than the juice of chopped beef, because 
our experience has indicated that, for our purpose, this is per- 
fectly satisfactory, and its use is much simpler, requiring less 
time and trouble. 

The materials are placed together in a dish and dissolved by 
heating at a temperature below 60° C. to make a solution 
which, as will be seen, contains twice the quantity of the 
various ingredients that is contained in the ordinary gelatin 
culture media. After the material has become thoroughly dis- 
solved we neutralize the solution directly, by use of NaOH solu- 
tion, testing the material for neutralization with litmus rather 
than phenolthalein. We use red and blue litmus papers made 
in our laboratory and which are especially delicate, and we add 
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NaOH to the solution until the material is in the very faintest 
degree alkaline. In other words, we add just enough NaOH 
to pass the neutral point, as shown by its action upon red and 
blue litmus papers. 

After the neutralization we add the white of an egg and boil 
for three-quarters of an hour. In this boiling we make use of 
a 50 per cent. solution of calcium chloride, which boils at about 
112° C. Placing the dish containing the gelatin solution ina 
bath of this mixture we can leave the material to boil over a 
moderate gas flame without danger of burning; considerable 
care is necessary, however, to regulate the gas flame so that 
the solution does not boil over. 


Die Water - - = | 500) CE. 
Dry litmus (in cubes), 48 grams. 


The litmus is steeped in the water for three hours or more 
at a temperature of about 60° C. to dissolve as much of the 
active material as possible. ‘The solution is then filtered. 

After solution 1 has boiled with the white of an egg for 
three-quarters of an hour it is mixed with the filtered litmus 
solution 2, the two together making the bulk up to about a 
liter, and water is added if necessary to replace the water 
which has been evaporated. The solution is then warmed 
slightly, though not above 60°, in order to avoid as much as 
possible the changes in the litmus which high temperatures 
produce. The solution is then filtered through absorbent cot- 
ton, distributed in sterilized tubes, about 8 cc. in each, and is 
ready for final sterilization, which is carried on as usual by 
steaming on three successive days. ‘The sterilization always 
has a tendency to change the color of the litmus to a reddish 
brown, but the blue color is restored after the litmus cools and 
stands for a few hours in contact with the air. When finally 
sterilized and cooled the solution should be a deep blue color, 
so that when poured out into petri dishes the color is quite 
strong. We have found that the litmus of commerce is quite 
variable in strength, since 3 per cent. of litmus (30 grams) 
is sometimes sufficient to give the required blue color, while 
in other cases it requires 4o-50 grams. We have found that 
as a rule 48 grams produces as good a color as can be desired, 
but sometimes, if the litmus is exceptionally strong, a smaller 
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amount is preferable. We find it advantageous to buy the dry 
litmus in rather large quantities, and then after a single ex- 
periment has shown us the amount of litmus of the particular 
sample that is neéded to produce the desired color, we continue 
to use the same percentage until the whole quantity of litmus 
has been used. A new sample of litmus will require a new 
percentage. 

This culture medium is used exactly as ordinary gelatin. 
The milk to be studied is diluted in sterilized water to the de- 
sired amount, and a cubic centimeter of the final dilution is 
added to a test tube containing a definite quantity of the steril- 
ized litmus gelatin. The material is poured into petri dishes, 
hardened, and set aside at ordinary temperature for develop- 
ment. In actual use we endeavor so to dilute our milk that 
the plates which we obtain will have from a hundred to a 
thousand colonies each. If more than a thousand are present 
on a plate it is almost impossible satisfactorily to differentiate 
the colonies from each other and to determine their species. If 
less than a hundred are present, while the differentiation of 
species is very satisfactory, we do not think that the sample 
gives as close average results as when the number is larger. 
A plate containing two or three hundred is the most satis- 
factory. It is of course not possible in all cases to regulate the 
dilutions so that the plates shall have the proper number, of 
colonies. Only long experience with the milk under conditions 
of experiment enable us to determine this accurately, and as 
will be seen in the following experiments, even long experi- 
ence is sometimes at fault. It frequently happens that two 
samples of milk under identical conditions show very great 
differences in the number of bacteria, and no rule as to the 
amount of dilution can be applied to the two samples and give 
the same results with certainty. The determination of the 
proper dilution of the milk is one of the most difficult problems 
in the experiments. 

In order to differentiate the colonies and determine from their 
study the species of bacteria present, it is necessary that the 
plates should be allowed to grow several days before examina- 
tion. ‘The study of the plates when they are two days old will 
enable one readily enough to count the number of bacteria, but 
not properly to differentiate the species. The same plate when 
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four or five days old shows a differentiation which is clear and 
sharp, so that it is possible to determine, not only the total 
number, but approximately the number of each kind of bac- 
teria. Plates that are older than these are even more useful, 
because the colonies become more and more distinct in their 
characteristics the older they grow. 

This necessity of keeping the plates until they are several 
days old introduces the most serious fault of our method of 
study. The presence of liquefying bacteria is sometimes quite 
fatal to the success of an experiment. If a sample of milk 
chances to contain a considerable number of liquefiers, or even 
a small number of certain species of rapid liquefiers, the gelatin 
of the plate may be completely liquefied before the colonies 
have grown large enough to be differentiated. Under these 
conditions the experiment becomes a blank, and this difficulty 
of the liquefying bacteria very seriously interferes with the 
complete success of the method. 

We have tried to meet the difficulty in several ways. We 
have tried to use agar instead of gelatin, but this is quite 
unsatisfactory inasmuch as the colonies are not differentiated 
on the agar as they are on the gelatin, and it is quite impossible 
to separate the species from each other on the former as they 
can be done on the latter. We have made a culture medium 
of agar and gelatin mixed; but while this makes possible a 
satisfactory differentiation, it does not so check the liquefaction 
as to be an improvement over pure gelatin. We have tried to 
put into each liquefying colony, as soon as it appears, a drop of 
a weak solution of formaldehyde to stop the growth of the bac- 
teria, but this is futile, for the enzymes which have been pro- 
duced continue to spread, and the liquefaction goes on as if the 
formaldehyde had not been added. Indeed, we have as yet 
been unable to meet this difficulty and as a result it happens 
occasionally, as will be seen on the following pages, that an 
experiment is quite blank because of the rapid growth of lique- 
fiers, while in other cases the presence of liquefiers increases 
the number of colonies which are classed as undetermined. 


DIFFERENTIATION OF SPECIES. 


Milk to be studied is diluted by sterile water to an amount 
which previous experience has shown to be most likely to be 
useful. In the study of fresh milk as obtained from the milk 
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dealer, a dilution of one hundred to six hundred is commonly 
most satisfactory, but in warm weather this is too slight a dilu- 
tion; and in the case of milk that has been obtained under 
uncleanly conditions a larger dilution is necessary. Milk 
which has been kept for one to two days in the laboratory 
requires, of course, higher dilutions; the oldest milk samples 
which we have studied required a dilution of 1-250,000 or even 
more. ‘These high dilutions make it impossible to detect the 
presence of bacteria which are present in old milk in very small 
numbers only. 

After dilution, a series of plates is made from each sample of 
milk and allowed to develop at ordinary room temperature for 
three or four days before an examination is made. ‘The plates 
are then carefully studied for a differentiation of colonies. A 
_ partial differentiation is extremely simple and quite accurate. 
An examination of the plates after three or four days’ growth 
enables one at a glance to differentiate the liquefying bacteria 
from the non-liquefying, and those which produce an acid re- 
action from those which produce an alkaline reaction or no 
reaction at all. It is also possible to differentiate the liquefiers 
readily into those which liquefy rapidly and those which liquefy 
slowly. A differentiation thus into four types, viz., into those 
producing an acid or an alkaline reaction and into rapid and 
slow liquefiers is extremely easy, very accurate, and can be 
made at a glance. 

A further differentiation requires more careful study. We 
have, however, learned to separate about thirty species from 
each other by a study of their colonies in this litmus gelatin. 
For example, we have found that the most common organisms 
in milk which is a few hours old are three types of acid bacteria 
easily separated upon our litmus gelatin plates as follows: 

1. &. acidi lactict (Esten) is, in this locality at least, the 
most common organism in milk. It produces a small, dense, 
intensely acid colony, growing only under the surface of the 
litmus gelatin, and showing after growing for about four days 
slight irregularities or spines on the edges. It is very easily 
distinguished. 

2. 8B. acidi lactict [7. (Conn) is also very common but not 
so abundant as the first. It produces an extremely minute 
transparent colony, hardly visible even with the lens, and quite 
invisible with the naked eye. 

3 
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3. B. lactici aerogenes is also very frequently present, though 
rarely in numbers as great as those of the first two species 
mentioned. It produces a large, intensely acid colony, com- 
monly growing on the surface, and forming frequently a 
thick, white bead, which occasionally develops a bubble of gas. 
Whether these colonies can be differentiated from those of 2. 
coli communis we have not yet ascertained. The two organisms 
produce colonies very similar to each other, and while in some 
cases we believe that we can separate the two by the appear- 
ance of their colonies, we are not yet sure of this differentia- 
tion. In our tables, therefore, the column which is headed 
‘“B. aerogenes’’ includes B. aerogenes and B. coli communis, if 
the latter is present, no attempt being made in these tables to 
differentiate the two. 


4. Next to the acid bacteria the most common organism is 
a type which produces no change in the action of the litmus, 
but develops a small, opaque colony quite easily recognized. 
It produces a slightly alkaline reaction which sometimes neu- 
tralizes the acid of neighboring lactic colonies. This organism, 
which in the tables is called a streptococcus, is found in nearly 
every sample of milk, and evidence given elsewhere has indi- 
cated that it is present in the udder of the cow, so that the milk 
ducts may be regarded as at least one of its sources. It does 
not represent a single species of bacteria but rather a group of 
allied forms. We have found that among the organisms tabu- 
lated under this name their are several species, all ‘agreeing in 
producing no noticeable action on the litmus gelatin or in milk. 
Some are streptococci and others are short bacilli. Since the 
different species cannot be readily differentiated upon our plates 
we group them of necessity under one head, designated the 
streptococcus group. 


5. We have divided the liquefying bacteria into two groups. 
The first, called vapid liquefiers, liquefy the gelatin very rapidly; 
while the second, called slow liqguefiers, require several days to 
produce liquefaction, and even on the older plates the colonies 
are small, never extending over the plate. A further differen- 
tiation is doubtless possible but it has not as yet been attemped. 


6. Sarcina lutea proves to be almost uniformly present in 
our milk. It is easily distinguished from other colonies by its 
yellow color, which reddens the litmus around it. All yellow 
acid colonies have proved to be this species. 
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In addition to these common forms there are some twenty or 
more other species of bacteria which are found very frequently 
in milk in this vicinity. Most of these types are easily sepa- 
rated from each other by the study of their colonies in gelatin. 
Some of them produce pigments, some of them produce colo- 
nies of peculiar shapes, and in regard to others there are char- 
acters which enable us to recognize the species by the study of 
the colony. ‘These different species are included in the follow- 
ing tables in appropriate columns, and on later pages will be 
given further descriptions as to the method by which the more 
important colonies are distinguished in gelatin. 

We recognize that the differentiation thus obtained is never 
exact and that there is always a considerable possibility of 
error. It is not possible with certainty to separate B. aero- 
genes and &. coli; it is quite certain that the Streptococcus group 
consists of more than one kind of bacteria, and the liquefiers 
are certainly several species. It is probable in regard to the 
other types also that errors occur and that sometimes different 
species of bacteria produce colonies so much alike that they are 
not differentiated in our tables. Moreover, in cases where 
liquefiers are abundant it is sometimes necessary to study the 
plates before the colonies are grown sufficiently for proper 
differentiation. At best, therefore, the differentiation which 
is given in the tables must be recognized as only approximate. 
We are convinced, however, that the error is not very great 
and that the numbers which are given in the tables herewith 
may be taken as expressing an approximation to the actual 
number of the species present in the milk. At all events, 
while recognizing the possible errors of this method it seems 
to us that the results obtained are considerably in advance of 
those hitherto obtained in the study of bacteria in milk. ‘They 
give much new information and are therefore likely to be use- 
ful in the solution of various problems even though not strictly 
accurate. 


CALCULATION OF RESULTS. 


A little explanation is necessary as to the method of calcu- 
lating results. The plates have been allowed to grow three or 
four days, and then studied as follows: The total number of 
colonies is counted. The number of colonies of each clearly 
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distinguishable type is carefully counted by the use of a lens, 
provided the total number of colonies on the plate is not too 
great. Where the number of colonies on the plate is only 
three to four hundred it is quite easy to calculate the number 
of each type accurately. It is usually found that when the 
nuinbers of all of the different species distinguished are added 
together they do not produce a total equal to the whole num- 
ber of bacteria that may be found by counting all the colonies. 
There have been left, in most experiments, a certain number 
of colonies which have not been recognized as belonging to 
any of the differentiated types; these have been included in 
the tables in the column headed ‘‘undetermined.’’ The bac- 
teria included in this column are probably in most cases the 
same species as those that are classified under the other col- 
umns, but colonies which have not developed sufficiently for a 
sharp differentiation. In plates which it has been necessary 
to study when only two days old the number present in the 
column of undetermined is greater than it is in the older plates, 
for this reason. 

Where study is made of milk that is somewhat older and 
the number of bacteria consequently considerably larger, the 
method of calculating results is slightly different, due to the 
vast preponderance of one species, 2. actdi lactict. The dilu- 
tions which have been used in old milk and cream have been 
very much greater than those in the fresh milk (sometimes 
250,000); nevertheless the number of colonies on each plate 
is always greater. In the study of these plates we have first 
calculated the total number of colonies that can be counted. 
Then each plate is carefully studied with a lens and a micro- 
scope, and every colony on a plate which is different from the 
B. acidi lactici colony is counted and tabulated. A careful 
study thus enables us to determine, with close accuracy, every 
colony that does not belong to the typical No. 206. It has 
then been assumed that the rest of the colonies belong to this 
species, and their number determined by calculation. The 
number thus determined is quite probably somewhat too high 
in every case, since it is almost certain that some of the col- 
onies of the miscellaneous bacteria escape observation and 
would be included in the column of No. 206. We are con- 
vinced, however, that this error is not very great, inasmuch as 
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this particular organism is very readily differentiated and the 
chance of error is thus greatly reduced. It is only in the 
older samples of milk that this method has been adopted, and 
was not used in any of the tables given below except Tables 1 
and 2, since the milk was fresh and the differentiation of each 
type of colony could be made directly. 


The topics which have been studied at the Station by the 
method here outlined during the last year have divided them- 
selves into several distinct problems. Some of them have been 
worked out in the laboratory at Wesleyan University, and others 
in the newly equipped bacteriological laboratory at Storrs. 


I. THE COMPARATIVE GROWTH OF DIFFERENT SPECIES OF 
BACTERIA IN MILK KEPT AT A TEMPERATURE 
OF 20 DEGREES CENTIGRADE. 


The first series of experiments to be described were carried 
on with milk preserved at ordinary room temperatures. In 
order to determine the effect of different conditions upon the 
growth of bacteria in milk, it is necessary to have a knowledge 
of their normal growth under ordinary conditions. For this 
purpose it was thought best to study with considerable detail a 
number of samples of milk preserved at an ordinary room tem- 
perature, and this series of experiments will be described first, 
although not actually the first to be carried out. 


It will be seen by the tables that follow that the study of 
this milk did not extend beyond the first twenty-four hours. 
The reason for this is as follows: So far as concerns the bac- 
teriological study of normal market milk the first twenty-four 
hours are of special significance. It is true that sometimes milk 
of our cities is considerably older than this by the time it is dis- 
tributed to the customers, but when that is the case the milk 
has been kept at a low temperature, which as will be seen later 
modifies the problem. ‘The milk which is furnished the cus- 
tomers of our cities is never supposed to be sour, or even upon 
the verge of souring; but our own experience has shown that 
after twenty-four hours at a temperature of 20° C., the milk 
begins to become strongly acid and before many hours is likely 
to curdle. It has appeared to us therefore, that the study of 
the growth of bacteria during the first twenty-four hours, 
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while the bacteria were fewer than 10,000,000 per cubic centi- 
meter, was of more significance than the study of the same 
problem in later hours. Moreover, in a previously published 
work** we have shown that, in cream, in the later hours the 
development of the bacteria is always of the same general char- 
acter. It has been there shown that the development of the 
bacteria in the period of ripening always results in the disap- 
pearance of most of the miscellaneous bacteria and the exces- 
sive multiplication of two or three species of lactic bacteria. 
In some of the experiments reported later in the present article 
it will be seen that these same facts were demonstrated to be 
true of milk which had been kept more than twenty-four 
hours. The first twenty-four hours, therefore, are those in 
which the numerous species of bacteria in milk may be ex- 
pected to develop or decline. These considerations together 
have convinced us that the most useful foundation for a study 
of the growth of different species of bacteria in milk is the 
careful analysis of the development of bacteria during the first 
twenty-four hours. In this series of experiments, therefore, 
the analyses extended over a period of only about twenty- 
hours, the tests being made at intervals of about six hours, 
with slight variations to suit convenience. 

The results obtained in the experiments are given in the 
tables on the following pages. ‘There are two tables for each 
experiment, which may be explained as follows: 

In the first table the first column gives the number of hours 
after milking at which the different sets of plates were made. 
The second column gives in round numbers the total number 
of bacteria per cubic centimeter in the milk at the different 
periods. Each succeeding column gives the number of a par- 
ticular species or group of bacteria capable of differentiation 
upon the litmus gelatin plates. A dash inserted in the column 
indicates.that none of the colonies of that species were dis- 
covered on the plates; an interrogation point signifies that the 
number of bacteria was so small as not to be included in the 
count, although not entirely absent from the sample of milk. 

In any period the sum of the numbers given in the different 
columns should in reality be equal to the total number given in 
the second column; as a matter of fact, however, discrepancies 


* Storrs Expt. Sta. Rept., Igoo. 
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are common, for the reason that in all the columns the numbers 
are not exact but only approximate and, except when very 
small, are given to the nearest tens, hundreds, or thousands, 
as the case may be. 

In the second table the figures in the different columns show 
what proportion the numbers of bacteria of the various species 
formed of the total number of bacteria present. These per- 
centages are calculated not from the approximate numbers 
given in the first table, but from the numbers actually found. 
They therefore vary slightly, in some of the columns, from 
the percentages that would be calculated from the first table 
because of the fact explained above that the figures in the first 
table are given only in round numbers. 

It appeared to tis that the figures in the second table are 
fully as significant as those in the first, since the percentages 
alone show the development of the different bacteria as com- 
pared with each other. If, for example, a given species of 
micro-organism should remain in the milk during the whole 
period of experimenting, with only a slight increase in num- 
bers, the first table would always show an increase during the 
period of experiment; the second table would, however, show a 
constant decline, meaning of course that the percentage of the 
species in question was becoming constantly less as the other 
bacteria were increasing during the experiment. On the other 
hand, a species that showed a constantly increasing percentage 
would be one which would of necessity have an important influ- 
ence upon the milk. 

In the tables which are here given the bacteria tabulated in 
the first eight columns are those which we have found present 
with a very considerable degree of constancy in all samples of 
milk. The species in question may be briefly mentioned as 
follows: 

B. acidi lactici. This is the species described by Esten in a 
previous report.* It has been found by many bacteriologists 
and is widely distributed in this country. It is apparently 
identical with B. acid? paralactict described by Kozait as the 
most common lactic organism in Europe. It is the species 
which we find with the greatest uniformity in milk, and the 


* Storis Expt. Sta. Rept. 1896, p. 44. 
} Ztschr. f. Hyg. XXXVIII. 386, 1901. 
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one which is present frequently to the extent of more than 90 
per cent. in ripened cream. ‘The source of this organism has 
been shown by Burr** to be commonly outside of the cow, and 
probably the dirt and dust in the air of the stable. It is 
present, as may be seen in all the following tables, in small 
numbers in fresh milk, and then with almost absolute uni- 
formity it increases in numbers and percentage until the end 
of the experiments. 


B. acidi lactici IT, ‘This is a species which we have found 
quite common in this region, though less common than the 
previous. In many respects it resembles the preceding organ- 
ism and may possibly be a variety of the same. We have 
found that in most cases it is not observable in the samples of 
fresh milk but makes its appearance in the later stages of 
souring. 


B. lactis aerogenes. As indicated above, the organisms in- 
cluded under this title in the tables may be not only &. aero- 
genes but also &. colZ, should it chance to be present, inasmuch 
as these species are not readily differentiated upon the gelatin 
plates. We are convinced by the study of large numbers of 
colonies, however, that in the vast majority of cases the organ- 
isms tabulated here are 2. aerogenes, and only a comparatively 
small proportion consist of B. colz. 


The Streptococcus we have found with absolute uniformity in 
all samples of milk which we have studied. It is usually very 
abundant, though sometimes in small numbers only. It ap- 
parently comes in many cases from the udder of the cow. Its 
colony on the litmus gelatin has already been described. 


Sarcina lutea is found almost universally in samples which 
we have studied. We have also found a Sarcina which in the 
early stages appears to be different from it, but later develops 
into a somewhat similar colony; this we have tabulated as Sav- 
cina IT,., regarding it as a different species from the first. 


The column headed vapid liquefiers is made up of probably 
two and possibly three species. These are bacteria which grow 
with extraordinary rapidity, and occasionally may completely 
liquefy a gelatin plate in the course of twenty-four hours and 


* Storrs Expt. Sta. Rept. 1900, p. 66. 
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utterly ruin the experiment. Fortunately, they are not very 
abundant, and while they have frequently rendered the exami- 
nation impossible, they have not seriously interfered with the 
value of the experiments. ‘There are, as stated, possibly three 
species which differ somewhat in the rapidity of their growth. 

The column headed slow déguefiers consists of a large number 
of species which we have as yet made no attempt to differentiate 
in these experiments. ‘They can be quite readily differentiated 
on the gelatin plates because the colonies are very different 
from’ each other, but in our previous work we have not made 
any attempt to do it. 

The bacteria tabulated in the other columns in the tables are 
species which are present in smaller numbers and with greater 
irregularity. These organisms may perhaps be regarded as 
normal to milk, but they are by no means constant and each 
sample of milk differs from the other chiefly in the variety and 
the number of these miscellaneous types of bacteria. Some of 
them are more commonly found than others, but none of them 
appear with much constancy and, as will be seen by the ex- 
amination of the following tables, rarely do they develop in the 
milk in such a way as to suggest that théy are of any consider- 
able importance. Some of them appear to be quite incapable 
of adapting themselves to the conditions and fail to grow; others 
multiply slowly, but even to the end of the experiments are 
only present in small numbers; they are, therefore, of far less 
significance in the milk than the bacteria in the first eight 
columns. 

No attempt will be made at this place to describe the species 
which are thus tabulated. Some of them have already been 
described in the ‘‘Classification of Dairy Bacteria,’’ given ina 
previous publication of the Station;* others are being now, or 
have been, worked out in our laboratory, and will be described 
in a revised edition of this classification which will be pub-- 
lished at some future time. For the purpose of the experi- 
ments here given it is quite unnecessary to describe the 
character of the different species; they may be referred to 
simply by number or by letter, with the understanding that in 
other publications the characters of the species are or will be 
given in detail. 


* Storrs Expt. Sta. Rept., 1899, pp. 13-68. 


| Gee? fee 


STORRS AGRICULTURAL EXPERIMENT STATION. 


205, 


o00gtz9 
o00$6z 
o00zgI 


000SZ 


(2) 
e) 
fe) 
10 
Nn 


“Bllayorq jo 
Ioquinu [e}0 J, 


(Sa — -— -- SUL Os He LO 6'€ S*gI ome) eens 0°19 
Oral — _ 6° Q°1z oT | [bes S°9 Ueeere VoVI- | — O'gI 
Grr roo ia fag 40 S‘z | g‘o€ es OP 1°6 6°6z = | == 5a PT 
6°S €*1 SSNS b-2v = gb 6°38 S-gz —- = 6°6 
Ones [Roa 1 a on 6°cE ae gf gt EE Bear — QI 
b hb hs b Y b b V db L v2 b 
“I2OGV SAIQUNU 1010] AY, U2 papnzzur sa1z9gs yuasaff{ip fo v149I0g JO SA.GD]UIIAIT 
2 AIA, 
O00£g é eer é ooooLP | COOLS | OOOEQI | COOEEZ | OOOggOI oooLgE | — | oootigt 
oooth é peti o0o00£ | 000L9g o000$ 0009 ooogt | 00089 0009z — | 00009 
006z OOOO! | COZI | O06E | GODOS é 000g 00081 oooLf é — | oootz 
OOgI oct é 0g folerores é ooz!I 00Z% 00g9 é — | 00Sz 
00g oor oS oor ose os oS6 oOOzI oot6 és — | oo€€ 
= Ail: nile : Png to 
2 Fe o a 5 eo | he| ss 
BSW lungs SE) SPS pee opeaencns 3. A Z Bae MEE Weta 
Fe Q Ny rs) iS ind ny, 5 B 8 R 2.8, 8.8. 
ao 3 oS 3 aos ao e 3 8 ie tele eer 
v | Ue ie a ie Q = Ss : 
| | 5 p 


‘) ,0€ yw spotsag quasaffip 


“SInoy 


UI YIU Jo a5 Vy 


AOf Gay ysl ur sajawuruas 21gn7 Arg ‘saivads quszsaffip fo susruv.s10 fo saquunu pun ‘p11990g {0 AIQUNU 10107, 


I WIdvy, 


GROWTH OF BACTERIA IN NORMAL MILK. 31 


Experiment No. z. November.—The milk in this and all 
other experiments of this section was taken from a single cow 
at the barn of the Connecticut Industrial School for Girls in 
the vicinity of Middletown. It was taken at once to the lab- 
oratory and the first set of plates made from it while the milk 
was still warm; it was then kept at 20° C. and other plates 
were made at intervals of about six hours until the milk was 
twenty-four hours old. The results are shown in Tables 1 
and 2 on page 30. 


The study of the figures given in these tables shows the fol- 
lowing salient facts: 


1. During the first six hours there was no change in the 
number of bacteria in the milk and practically no change in 
the varieties found. The slight differences in numbers and 
percentages given in the table are possibly only errors in the 
method, although they may indicate an actual change in the 
relative number of the different species of bacteria. 


2. From the beginning of the experiment to the close there 
was a constant increase in the number of 2. acid? lactict?. ‘This 
was an increase not only in actual numbers, but also in per- 
centage, the milk at twenty-four hours old showing 61 per 
cent. of this species. 


3. B. acidi lactict (7, was not found on the plates. 


4. J. aerogenes played no considerable part in this experi- 
ment. It was not found in the earlier tests and appeared only 
in the last two. 


5. The Streptococcus shown in the fourth column existed in 
very great numbers at first and continued to increase in num- 
bers through the series of tests. The percentage, however, as 
shown by Table 2, underwent a tolerably constant decline, and 
was at the close only half as great as at the beginning. 


'6. The two species of Sarvcina were present in moderate 
numbers throughout the whole series; they increased slowly in 
actual numbers but there was a decline in relative abundance. 
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7. The number of “quefiers was excessively high, there 
being at the outset about 30 per cent. of the bacteria that 
liquefy gelatin. This number remained quite high throughout 
the whole series. There was noticed an increase in percentage 
at the end of six hours, but that was followed by a somewhat 
rapid decline and at twenty-four hours the proportion had 
dropped to 7.5 per cent. There was an increase in total num- 
bers, however, up to the very last test. 


8. The miscellaneous bacteria, of which three species are re- 
corded, were not abundant, the numbers being only a few hun- 
dred and the proportions less than 4 per cent. It will be seen, ” 
moreover, that while there was slight increase in actual numbers 
of these bacteria for a few hours, there was a constant decline 
in percentage, and in the tests that were made at twenty-four 
hours these species did not appear at all. This does not neces- 
sarily indicate that they were totally absent, because the dilu- 
tions that were necessary at twenty-four hours were so much 
greater than those required at the end of six hours that a small 
number of these miscellaneous species would be very likely to 
escape observation in the plates. While, therefore, their ab- 
sence from the tables in the figures for the later tests indicates 
that they had not increased in number appreciably during the 
experiment, it does not indicate that they were totally absent 
from the milk. 


9g. ‘The number of colonies that were undetermined in these 
tests is shown by the last column to be somewhat variable, in 
one test rising to 12 per cent., but in the other cases being 
about 3 per cent. or less. 


Experiment No. 2. November.—This experiment was a rep- 
etition of the last and occurred five days subsequently. The 
conditions of the experiment were identical with those of Ex- 
periment No. 1. The results of the tests made up to the age 
of twenty-four hours are shown in the two following tables. 
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An examination of the tables of this experiment given on 
the preceding page shows the following facts: 


1. During the first six hours there was no appreciable 
change in either number or variety of bacteria. 


2. The numbers of &. acidi lactici showed a constant in- 
crease in the successive tests. The number, however, did not 
become so high as in the first experiment, and the percentage 
at the end of twenty-four hours was only 25, the actual num- 
ber being also very small. 


3. The presence of &. acid? lactici /7. was not observed in 
any of the tests. 


4. J&B. aerogenes was abundant in this sample of milk. It 
was not observed in the plate made from fresh milk, but a few 
colonies were found in the milk at the age of six hours. From 
that point they continued to increase until the end, when they 
reached the number of 100,000 and a percentage of 16.3. This, 
it should be remarked here, is a very high percentage for this 
species of bacterium, as may be seen by comparing Table 4 with 
the other tables on the following pages. 


5. The Streptococcus was quite abundant throughout the 
whole series of tests, but while increasing constantly in num- 
bers showed no appreciable change in percentage. ‘The test 
made at nineteen hours indicated a dropping off in the number 
of the Streptococcus colonies, probably due to an imperfect dif- 
ferentiation between this species and BL. actdi lactict, which 
sometimes resemble each other. 


6. ‘The two species of Sarcina were present in all tests and 
slowly increased in numbers. One species remained through- 
out with a practically constant percentage, while the other 
species fell off from a high proportion of about 17.9 per cent. 
down to about 2.5 and then disappeared. 


7. In this sample guefiers were also very abundant. They 
increased with unusual rapidity during the first nineteen hours; 
afterwards they declined with equal rapidity, and in the last 
test only about ro per cent. were found. There was, however, 
a constant increase in total number of liquefiers. 
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8. The milk showed an exceptionally large number of mis- 
cellaneous bacteria, as will be seen from Table 3. It will also 
be noticed that these miscellaneous types must play a very 
small part in the changes that occur in milk. They were 
present only in small numbers at the start and in milk that 
was six hours old, and then disappeared, only one species in- 
creasing in numbers up to the close of the experiment. The 
rest were indistinguishable on the last series of plates. 


9g. The number of undetermined bacteria in these plates 
was somewhat variable but not very large. It should be no- 
ticed, however, that the large number of liquefiers which were 
present at fourteen and nineteen hours made a sharp differen- 
tiation of B. acidi lactici and the common Strepéococcus difficult, 
-and probably explains the slight irregularities shown in the 
two tests. 


to. It is to be noticed finally that the total number of bacte- 
ria at the end of the experiment was very small. This is shown 
by a comparison of the numbers given in Table 3 with those in 
Table 7; it will be seen that whereas in the later experiment 
the number at the start was 8,000 and increased in twenty- 
seven hours to 3,000,000, in the present experiment, as shown 
by Table 3, the number at the start was 13,000 but at the end 
of twenty-four hours only 716,000. ‘This is simply one in- 
stance of what we have found to be a general rule, that the 
number of bacteria at the start gives very little indication of 
the number that there may be present after twenty-four hours 
even under similar conditions. 
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Experiment No. 3. December.—This experiment is a repe- 
tition of the last two and was performed under identical condi- 
tions. The results are shown in Tables 5 and 6 on page 36. 


The general conclusions from these tables are as follows: 


1. There was a constant increase in numbers of B. acidz 
lactict and a tolerably constant increase in percentage. The 
percentage in the last test reached 53.5. 


2. This sample of milk showed the presence of the species 
called B. acidi lactici [7., which were found, however, in the 
last three tests only. 


3. LB. aerogenes was not found. 


4. The Streptococcus group was present in large numbers 
and continued to increase in number constantly throughout the 
experiment, reaching at the end the number of two million and 
ahalf. ‘The percentage of colonies of this species also remained 
high and, with some fluctuation in two tests due doubtless to 
the high per cent. of undetermined colonies, was at the close 
nearly as high as at the beginning. 


5. The two species of Savciza increased constantly in num- 
bers during the whole experiment, but decreased in percentage; 
in the last test the relative abundance was less than one-third 
of that in the first test. 


6. Liguefiers did not occur in so great numbers as in the 
other experiments. While there was moderate increase in 
total numbers, there was a decrease in percentage, and at the 
end they formed a much smaller proportion of the total num- 
bers than at the beginning. 


7. There were about four miscellaneous types of bacteria 
which, as in the other cases, were present in small numbers in 
the first one or two plates and disappeared so as not to be de- 
tected in the later tests. 


8. The total number of miscellaneous species was somewhat 
larger in this experiment than in the other two. 
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Experiment No. 4. November. ‘This experiment was per- 
formed under conditions identical with those of the other three. 
The results are shown in Tables 7 and 8. 


The significant facts shown by this experiment are as fol- 
lows: 


1. The usual increase in total number of bacteria and in 
total number of each of the common species of micro-organism 
is seen. As in the other cases the few species of miscellaneous 
bacteria, present at the outset in small numbers, failed to in- 
crease and disappeared in the later tests of the experiment. 


2. A study of the table of percentages shows certain irregu- 
larities from those of the other experiments. ‘There fails to be 
a regular increase in the proportion of B. actdt lactict. ‘The 
Streptococcus group also shows irregularities. The third and 
fourth tests indicate a smaller number of this group than the 
second and fifth. The explanation of this is beyond doubt 
given in the column of liquefiers, for it will be seen that the 
proportion of these organisms in this milk was excessively 
high, in the third and fourth test reaching 50 and 47 per cent. 
This high percentage of liquefiers made it impossible to keep 
these particular plates until the B. aczdz lactict and the Strepio- 
coccus groups were properly differentiated, and the estimates of 
these two species upon the third and fourth plates are, therefore, 
quite unreliable. The same statement must be made in regard 
to the two species of Sarcina, which in young plates are not 
easily differentiated from 2B. acidi lactic? or the Streptococcus 
group. As a consequence the numbers given of these three 
species in these two tests are not satisfactory. 
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Experiment No. 5. December. ‘The milk in this experi- 
ment was obtained from a different cow from that of the other 
experiments, but from the same stable. In other respects the 
conditions were identical. The results are shown in Tables 9 
and Io. 


From these tables the following facts may be noticed: 


1. There is a constant increase in the numbers of 2. acid 
lactict, both in total numbers and in percentage. ‘They did not, 
however, reach a very high percentage in any of the experi- 
ments. It will be noticed that the 30.9 per cent. given in the 
fourteen hour test was anomalous. ‘This is doubtless an error 
introduced by the liquefiers, as mentioned below. 


2. ‘The other two common acid bacteria did not appear in 
this sample of milk, with the exception of a small number of 
B. aerogenes found in the last plate. 


3. The Streptococcus group was abundant and increased in 
total numbers regularly through the whole series of experi- 
ments, though the percentage remained practically constant. 


4. The total number of the two Savciza species underwent 
a constant increase, but there was a decrease in percentage, so 
that in the last tests they had become a very small fraction of 
the whole, less than 2 per cent. 


5. The most peculiar feature of this sample of milk was the 
excessive number of liquefiers, which was greater than in any 
other test we have made. Moreover, they continued to increase 
until almost the very end, rising in proportion from 23.5 to 60.9 
per cent. at the end of twenty hours, and then falling to 50 per 
cent. at the end of twenty-four hours. ‘This large number of 
liquefiers made the differentiation of the acid organisms and 
the Streptococcus group difficult and unsatisfactory, and it is 
quite probable that the numbers given in the second and fourth 
columns are in this case not reliable. 


6. ‘There were only two species of miscellaneous bacteria 
present in this sample. They were few in number and they 
disappeared totally from the plates in the later tests. 
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44 STORRS AGRICULTURAL EXPERIMENT STATION. 


Experiments Nos. 6 and 7. January.—'The two present 
experiments were performed in the month of January at a 
time when the cows were kept in the barn and, therefore, 
under conditions quite different from those of the previous 
experiments. These two experiments are especially striking 
as showing the extraordinary variation in results which are 
obtained under conditions that are apparently identical. The 
two experiments were performed within two days of each 
other, one upon January 15, and the other upon January 17. 
In both cases the milk was obtained from the same cow, at 
the same stable, and the samples were treated in identically 
the same manner. ‘The results, however, were for quite inex- 
plicable reasons very unlike. The four tables on pages 42 
and 43 give the results of these two experiments. 


In considering the results given in the above tables we 
notice first the great differences between those for the two 
samples which were, so far as we could determine, obtained 
and kept under identical conditions. The differences will be 
seen in the following points: 

In the first sample the number of bacteria rose in twenty-six 
hours to 2,000,000; in the second sample they increased in 
twenty-seven hours to 43,000,000. ‘This difference seems to 
be totally unexplained by the conditions of the experiment. 

A second point of difference was the number of the common 
B. acidilactici. In the first experiment they were not found 
in the fresh milk or milk six hours old, although it is probable 
that some of the undetermined bacteria were of this species. 
The number arose only to 16 per cent. at the last test, at 
twenty-six hours. In the second experiment the number of 
this species at the outset was 18 per cent. and it constantly 
increased until at the last test it was nearly 80 per cent. 
These differences are partly explained by the large percentage 
of, undetermined species in the first experiment, but even if all 
of the undetermined bacteria were placed in the column of acid 
organisms it would still leave a surprising difference between 
these two samples of milk as regards the development of this 
particular species. 

A third great difference is in the number of the Streptococcus 
group which in the first experiment was very high and in the 
last experiment, especially in the later tests, exceptionally low, 
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falling at the end to .4 of one per cent. The actual numbers 
were, however, large in the last experiment, showing that the 
small percentage of these organisms was due to the large num- 
bers of B. actdi lactict. 

A fourth point of difference was in the liquefiers. Whereas 
in the first experiment the number of liquefiers was 1o per 
cent. at the outset and rose to 65 per cent., falling at the end 
to 39 per cent., the number in the second experiment was in 
no case over 14 per cent. and at the end had fallen to .6 of one 
per cent. 

There are other minor differences that may be made out 
from the study of the tables but these four represent the more 
important. It is not improbable that it was the great develop- 
ment of liquefiers which modified the development of the other 
species and that the difference between these two samples is to 
be explained by the fact that for some quite inexplicable rea- 
son the liquefiers developed rapidly in the first sample and 
failed to develop in the second sample. 

When these two tables are compared with those of experi- 
ments of earlier dates, Tables 1-10, there are found to be no very 
considerable differences. ‘There is in each case an increase of 
acid organisms, a decrease in the miscellaneous species and a 
general increase in liquefiers. It will be noticed, however, 
that the experiment of January 17 was in some respects quite 
anomalous. ‘The number of acid bacteria at the end of twenty- 
seven hours is much greater than in any previous experiment 
described. ‘The total number of bacteria is very large, 43,000,- 
000, and of these over go per cent. are lactic bacteria. The 
result of this is, as seen by Tables 12 and 14, that most of the 
other types of micro-organisms have become reduced in pro- 
portion or have quite disappeared. ‘The results obtained in 
this experiment are quite similar to those which have been 
given in a previous report* upon the development of bacteria 
in the late stages of cream ripening, where, as has been shown, 
the excessive development of lactic bacteria forces all other 
species to the background and eventually appears to destroy 
them. ‘This sample of milk at the age of twenty-seven hours 
is, so far as concerns its type of bacteria, quite similar to the 
samples of milk and cream of a very much older age which are 
described elsewhere. + ; 


* Storrs Expt. Sta. Rept., 1900, pp. 13-33. Tle Oceeit. 
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It is possible that the experiment of January 15 should be 
excluded from our series, the excessive number of liquefiers 
interfering so materially with the proper differentiation of spe- 
cies that the column of undetermined is an extremely large 
one. At all events, too much value must not be placed upon 
this experiment, but we have included these tables for the pur- 
pose of showing, if nothing else, the variations and the diffi- 
culties of determining the strict differentiation of species under 
these conditions. 

Further tables giving the growth of bacteria at 20° C. will 
be found in the later sections of this paper, but since they do 
not materially change the facts already given it will be well to 
summarize at this point the results obtained. 


GENERAL SUMMARY. 


If we compare the foregoing experiments we shall notice the 
following facts: 

1. There are considerable irregularities as to both total 
numbers and increase of different species under what seem to 
be identical conditions. There is in all cases a constant in- 
crease in the total numbers of bacteria of each of the species 
given in the first eight columns of our tables. The miscellane- 
ous species are always present in small numbers, but they dis- 
appear in the later tests in all cases, which means that they 
have not increased materially during the experiment. 


2. There is in all experiments a constant increase in the 
percentage of B. acidilactici. ‘This indeed is the only one of 
the bacteria found in milk in these samples which shows a 
constant increase in percentage during the successive tests. 


3. The Streptococcus group is present in all cases in con- 
siderable abundance, continues to multiply during the first 
twenty-four hours, and commonly just about holds its own in 
percentage. This indicates that, asa rule, it multiplies more 
rapidly than any of the other species except B. acid? lactict. 

4. The two species of Savcina are universally present in 
the milk and continue to increase in numbers in all experi- 
ments, but their percentage generally declines somewhat, so 
that they are relatively less abundant in twenty-four hours 
than at the start. 
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5. The liquefying bacteria show the greatest fluctuation. 
In all plates they increase in actual numbers and in some 
experiments they have increased in relative abundance for 
twenty hours. In others there is, however, a decline of per- 
centage and there is thus a general indication that they do not 
multiply so rapidly as the B. acidi lactict and the Streptococcus 
group, although their increase is quite appreciable in all of 
these experinients. 


6. The miscellaneous bacteria may be two or three species 
or half a dozen, or even more; but they are present in small 
numbers. They do not greatly multiply during the first 
twenty-four hours, and at the close either have disappeared 
or are present in such small numbers as not to be noticeable in 
the tests. They cannot, therefore, be of much significance in 
the changes that occur in the milk. 


7. In general it will be seen that in these experiments the 
bacteria which are chiefly concerned in producing the changes 
which must take place in the milk are the B. acidi lactict, the 
Streptococcus group, and the liquefiers. The slow liquefiers in 
all cases were not only much more abundant than the rapid 
liquefiers but they multiplied more rapidly in the milk. 


Il. THE EFFECT OF ICING THE MILK UPON THE DEVELOPMENT 
OF BACTERIA. 


The experiments described below were part of a series de- 
signed to determine the effect of the preliminary icing of the 
milk upon the growth of bacteria. Several experiments were 
performed, but only these two are given here, since these are 
the only ones in which the results were satisfactory. The 
method of experimentation was as follows: 


Experiment No. 8. October. ‘The milk was drawn directly 
from the cow into sterilized vessels, taken immediately to the 
laboratory, and a number of plates were made from it at once. 
The rest of the milk was then divided into two lots, one of 
which was placed upon ice for fourteen hours, and the other 
was kept for the same time at the normal room temperature 
of 20° C. without the preliminary icing. At the end of four- 
teen hours some plates were made from both lots of milk, and 
from that time plates were made every twelve hours from both 
samples until the milk was curdled. 
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It will be noticed that these experiments were continued over 
a longer period than those already described. The purpose of 
this was to determine whether in milk that was more than 
twenty-four hours old the development of the bacteria was 
similar to that which has been described in the report upon 
ripening cream previously referred to (p. 26). It will be 
noticed from the tables given in the preceding pages of this 
article, that although there is considerable increase in the 
number of lactic bacteria in the first twenty-four hours, there 
is nothing that compares with the development of this class of 
organisms in ripening cream. In the present experiments the 
tests were continued until the milk was thoroughly sour or 
curdled, and the results are, therefore, parallel to those ob- 
tained in the study of ripened cream. As was to be expected, 
the milk that had not been iced soured and curdled quicker 
than the milk that had been kept for fourteen hours upon 
ice, the difference in the time of curdling being about fifteen 
hours. ‘Thus the curdling was delayed about the length of 
time the milk was kept on ice. ‘The first experiment was per- 
formed in the month of October, at a time when the weather 
was tolerably warm. The tables above give the results of 
the analyses, Tables 15 and 16 representing the milk which 
was placed immediately at 20° without icing, and Tables 17 
and 18 those that were first iced for fourteen hours. It will of 
course be evident that the first of each pair of tables in this 
experiment, and, indeed, in all the subsequent experiments in 
this paper, are strictly parallel with those given in the first 
section, 7. e., a study of milk at 20°. They thus give addi- 
tional evidence in regard to the development of bacteria in 
milk during the first few hours, when the milk is kept at a 
temperature of 20° C. 


From the four tables above the following facts may be noted: 


1. The multiplication of bacteria was much more rapid in 
the milk that had not been iced. ‘This of course was to have 
been expected. 


2. The number of bacteria which developed in the iced 
milk was far less than that in the non-iced milk, even at the 
time when the milk was curdled. As will be noticed in this 
experiment the iced milk at the time of curdling contained 
only about 300,000,000 per cubie centimeter, while the milk 
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that had not been iced contained 1,000,000,000 per cubic centi- 
meter. This result is quite unexpected, and, although in strict 
accordance with previous and subsequent experiments, its sig- 
nificance is at the present time unknown. ‘That the souring 
of milk is due to the growth of bacteria has been abundantly 
demonstrated, but why it is that at the time of curdling a 
sample of milk that has been previously iced contained only 
about one-third as many bacteria as a similar sample of milk 
that had not been iced is a question to which we can at present 
give no answer. 


3. The icing of the milk appears to have an influence upon 
the species of bacteria that develop. As may be seen from the 
tables the iced milk contained up to the thirty-eighth hour a 
larger variety of bacteria than was present in milk that had 
not been iced. ‘This may have been due, however, to the fact 
that the dilution was comparatively greater in the case of iced 
milk than in the case of the non-iced milk and, therefore, that 
a careful differentiation of species was more easily made. 


4. The species 2. actdi lactici 7. was present in this sample 
of milk in considerable abundance and, as shown by the tables, 
increased more rapidly in the milk that had not been iced than 
it did in the iced milk. In the former there were 27 per cent. 
at the time of curdling, in the latter only 4.5 per cent. The 
icing thus apparently checked the development of this partic- 
ular species. 


5. The icing apparently had no influence upon BZ. aerogenes, 
which continued slowly to develop in numbers in both samples 
of milk, but in no case became over 1 per cent. of the whole. 


6. The Streptococcus group developed in absolute numbers 
and in proportionate numbers for thirty-eight hours and after- 
wards decreased. ‘The increase in numbers and proportions 
for the first period of the experiment is in accordance with the 
results given on previous pages. The decrease in the numbers | 
in the later periods is interesting and suggestive. It will be seen 
further that the numbers of streptococci in this experiment 
were large, in one case being no less than 61 per cent. ‘This 
large number was noticed in both the iced and the non-iced 
milk. In the milk that had not been iced, however, the num- 
bers then fell off rapidly, and in the iced milk they also fell off 


52 STORRS AGRICULTURAL EXPERIMENT STATION. 


rapidly though they remained in larger numbers at the end. 
The last analyses of the iced milk showed the presence of 15 
per cent. of these streptococci, while in the non-iced milk they 
had become reduced to less than one-half of 1 per cent. 


7. The icing had apparently no influence upon the lique- 
fiers, which were present in small proportions only in all the 
experiments. 


8. It will be noticed that in the earlier tests there was a 
very large percentage of undetermined organisms. The reason 
for this appears to be in part because of the large numbers of 
streptococci. ‘These organisms produce a slight alkaline reac- 
tion and when present in numbers neutralize the acid which is 
developed by the common lactic bacteria. In the first plate of 
the non-iced milk the presence of these alkaline colonies ob- 
scured the development of the lactic bacteria so that they could 
not be differentiated. The result was that nearly half of the 
colonies in this plate could not be determined; most of them 
were probably streptococci and the rest probably one of the 
lactic bacteria. It will be seen further that as the acid organ- 
isms increased in number the difficulty of separating them 
from the streptococci decreased and, finally, in the later plates 
all of the colonies were easily differentiated. 


Experiment No. 9. November.—This experiment was prac- 
tically a repetition of the last. The results were closely in 
accordance with those of the previous experiment. The fol- 
lowing tables give the results. 
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From these tables the following detailed points may be 
noticed: 

1. The preliminary icing of the milk for fourteen hours did 
not in this case produce a reduction in the number of bacteria 
as it did in the previous experiment. ‘There was, at the end 
of the icing, an increase from 23,000 to 78,000. 


2. It was found, however, that the number of bacteria de- 
veloping in the iced milk never became as great, even at the 
time of curdling, as in the non-iced milk. The non-iced milk 
at the time of curdling contained nearly twice as many bacteria 
(1,200,000,000) as the iced milk (692,000,000). ‘There was 
also a greater rvapzdzty of multiplication of bacteria in the milk 
which had not been iced. 


3. The variety of bacteria found in the iced milk was 
greater than that present in the milk that had not been iced. 


4. This sample of milk contained at the outset apparently 
no representative of B. actdi lactici (7, ‘They made their ap- 
pearance in the later stages and were found in both the iced 
and the non-iced milk. 


5. The Streptococcus group was present in considerable num- 
bers, and underwent an increase, in actual numbers and per- 
centage, and a subsequent decrease. In this experiment, as 
in the last, this species decreased much more rapidly in milk 
that had not been iced. In the iced milk the percentage was 
at first almost 32, rose to 56, and then became reduced to 15 
per cent. In non-iced milk the percentage decreased rapidly, 
so that at the close of the experiment there was less than .5 per 
cent. of this species of bacteria found, the total number being 
also less than in iced milk. 


6. In this experiment the effect of icing seemed to be to 
increase the development of liquefying bacteria. The propor- 
tion of liquefiers in the iced milk rose to 37 per cent. and then 
dropped off rapidly. In the non-iced milk the percentage in- 
creased slightly and dropped off more rapidly, and at the end 
the liquefiers were much less abundant than in the iced milk. 


7. In both samples of milk five of the varieties of bacteria, 
namely, the two Savcina types and the species numbered 220, a 
and e, completely disappeared in the later tests. This of course 
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does not necessarily mean that they were absent, but that they 
had not increased sufficiently to make themselves evident in 
the plates. 


8. As concerns actual numbers there was an increase in 
nearly all species of bacteria. In the non-iced milk, however, 
the actual numbers of the Streffococcus group increased for 
a while and then decreased; whereas in the iced milk the abso- 
lute number continued to increase to the end. In regard to 
the liquefiers the actual numbers also increased in the iced 
milk and the non-iced milk, but the increase after the first 
hours was very slight. In actual numbers, then, the liquefiers 
simply held their own, although decreasing in proportion. 


From these two experiments the following general conclu- 
sions may be drawn: 


1. In milk, as previously shown in cream, there is in later 
hours marked increase of lactic organisms which become so. 
numerous as greatly to reduce the percentage of all other bac- 
teria and apparently to cause some species actually to disap- 
pear. The percentage of lactic bacteria in these experiments 
was, however, not quite so high as in many samples of ripened 
cream previously described.* 


2. The effect of a preliminary icing of about fourteen 
hours is greatly to reduce the number of bacteria which is 
to be found at any subsequent period. Although the milk 
eventually becomes acid and curdles, even at the time of 
curdling the number of bacteria is much reduced by the 
preliminary icing. 


3. The effect of icing is to increase the probability of a de- 
velopment of the miscellaneous types of bacteria, whereas in 
milk that has not been iced these miscellaneous forms disap- 
pear more rapidly. 


4. The icing of the milk appears to delay the period of 
decline of the Streptococcus group, and thus to increase the 
number of this species present at the end. 


5. In regard to the other species the effect of the icing is 
only to delay the development, but not proportionately to: 
modify it. 


* Storrs Experiment Station Rept. 1900, pp. 13-33. 
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Ill. THE COMPARISON OF THE GROWTH OF BACTERIA AT 
20 DEGREES CENTIGRADE AND AT 13 DEGREES 
CENTIGRADE. 


Twenty degrees is a temperature higher than that at which 
milk is usually kept when it is intended for market. The milk 
dealer recognizes the value of low temperatures in preserving 
milk and commonly endeavors to reduce the temperature as 
rapidly and as low as possible to check the growth of bacteria, 
and hence to delay the spoiling of the milk. Our next series 
of experiments was designed for the purpose of determining 
with more accuracy, not only the value of a moderately low 
temperature in reducing the number of bacteria, but also the 
influence of such low temperatures upon the variety of bac- 
teria which develop in the milk or which remained alive in 
the milk after exposure to low temperatures. For this pur- 
pose we have compared two samples of milk placed at different 
temperatures, and have studied in each case the development 
of the different species of bacteria. The method of experi- 
mentation was as follows: 

The milk was obtained from the same barn as that from 
which most of the other samples described have been obtained. 
It was drawn directly from the cow into a sterilized vessel, 
brought to the laboratory and plates made from some of it 
immediately. ‘The rest was then divided into two lots, one 
of which was kept at the ordinary temperature of 20° C., the 
temperature varying slightly in successive hours, and the other 
placed at a temperature of 13° C. This temperature was chosen 
as being approximately that which the milk dealers frequently 
attenipt to obtain in their milk for the purpose of preserving 
it. A bacteriological examination was made of each of these 
samples at different intervals. The milk kept at 20° was 
plated, as in the above experiments, at intervals of about six 
hours for a period of twenty-four hours. Milk kept at 13° was 
not, however, tested so frequently. At the outset of the 
experiments we made the tests of this sample at the same in- 
tervals as the sample kept at 20°, but it was soon found that 
the development of bacteria was so very slow at the lower 
temperature that the series of plates showed practically no 
change from one test to another, the milk at the end of twenty- 
four hours being almost like the milk at the start. To decrease 
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the labor, therefore, in later experiments we made our exami- 
nations of the milk kept at 13° at longer intervals; in the 
records of experiments which follow it will be seen that the 
cooled sample of milk was tested once in twelve hours, and 
the tests were continued for a period of about fifty hours, 
thus making the number of tests in the two samples of milk 
identical. The tests are thus of course not strictly parallel 
with each other in the two samples because they were made 
at different intervals; but it is impossible to make exactly 
parallel tests. The conditions of the milk kept at the two 
temperatures is so unlike that there was no time in the whole 
experiment where the one sample could, from a bacteriological 
standpoint, be compared with the other. 


Several of the earlier experiments in this line were quite 
unsatisfactory because of improper understanding of these 
conditions. The milk which was kept at the temperature of 
13° was, in the early experiments, diluted very much too 
highly, inasmuch as we anticipated a greater growth of bac- 
teria than occurred. Tests were also made too frequently, 
and other difficulties appeared, so that our first experiments 
were quite unsatisfactory as concerns any comparison between 
the milk at 20° and the milk at 13°. These experiments are 
not reported here; the only ones which are given are those 
performed after we had learned sufficient about the results 
to be able to plan the experiment a little more satisfactorily. 


Experiment No. ro. January.—Tables 23-26 show the re- 
sults that were obtained in this experiment. The preliminary 
test of fresh milk was unsatisfactory because of the presence 
of too large a number of liquefiers. 


The most suggestive facts to be noticed from these tables are 
as follows: 

1. Perhaps the most extraordinary and surprising feature 
is seen in the comparison of the total numbers of bacteria in 
the two samples of milk. In the sample kept at 20° the number 
increased regularly, reaching 18,000,000 in the course of 
twenty-eight hours. It was to be expected that the number 
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in the milk kept at 13° would be less, but the figures in the 
first column of Table 25 are very surprising. “There was from 
the sixteenth hour to the twenty-eighth hour, a period of 
twelve hours, a decrease of 40,000; in the next twelve hours 
an increase of about 11,000; and in milk which was fifty-two 
hours old the number of bacteria was not quite twice as great 
as it was in milk sixteen hours old. In other words, there was 
practically no increase in total numbers of bacteria during the 
period of nearly forty hours covered by the experiment. This 
being the case, it was evident that we might expect to find 
a considerable variation in the proportions of the different 
species, for it is quite likely that some species would be found 
to be favored by such low temperatures and would develop, 
while others would be unfavorably affected. This expectation 
is entirely borne out by the results, as shown in the tables 
on pages 59 and 60. ‘The variations shown in the different 
species are as follows: 

2. The common &. acitdi lactict apparently failed to develop 
at 13°. Indeed, at first it rapidly decreased in numbers. At 
sixteen hours there were present about 30,000, 21 per cent. of 
the whole. ‘There was no further development of this species; 
in fact, the number fell off in the next twelve hours; and in 
milk fifty-two hours old it was only 8,000, a little over a fourth 
of what it was originally, and the proportion only about 3 per 
Cents: 

3. While the temperature of 13° was manifestly unfavor- 
able to the development of &. actdz lacticz, it was on the other 
hand favorable to the development of the Streptococcus group, 
which rose from 16 per cent. to 28 per cent. If this is com- 
pared with the development at 20° it will be seen that the 
Streptococcus group has been favored by the low temperature 
more than by the high temperature, since in the sample at 
20° there were only about 14 per cent. of these organisms. 

4. At 13° there is seen an unusual development of Savcina 
Z. ‘This micro-organism, which was present in the milk kept 
at 20° in a proportion of only about 2 per cent., increased 
extraordinarily in the sample kept at 13°, appearing in the 
last test as high as 44 per cent. The large number given in 
the test made at twenty-eight hours, 55 per cent., is probably 
an error, due perhaps to a failure to differentiate Savczna and 
the Streptococcus; the other figures are probably reliable. 
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5. It will be noticed that the higher temperature appar- 
ently favored the development of liquefiers, which rose from 
IO per cent. to 51 per cent. in twenty-one hours at 20°, but at 
13° reached only 15 per cent., even at the highest point of 
development. 

6. One especially striking effect of the low temperature is 
the increase in the variety of bacteria. In all the experiments 
described on preceding pages, as well as in those on later 
pages, it will be seen that at a temperature of 20° there is 
commonly a decline in the number of varieties of bacteria 
found in the milk, so that in the later hours the number is less 
than at first, and in the milk which is forty to sixty hours old 
the number of species has commonly become reduced to two or 
three.) Inthe’ milk kept at 13°, however, the reverse 1S the 
case. Ascan be seen by Table 25 the milk at fifty-two hours 
has a greater variety of species than the fresh milk and these 
species are present in considerable numbers even at the end. 
In other words, this experiment would seem to indicate that 
whereas at the temperature of 20° the development of the 
acid organisms is stimulated to such an extent that they event- 
ually take the place of most other species of bacteria in the 
milk, at a temperature of 13° the acid organisms are so held 
in check that the miscellaneous species of bacteria which are 
present in small numbers have an abundant chance to develop. 


Experiment No. rz. January 24.—In this experiment the 
tests of the sample of milk which was kept at 20° were not 
satisfactory because in one test the set of plates developed 
numerous liquefiers, and in another test the set was broken. 
The only reliable test was that made of the fresh milk. The 
sample of milk which was kept at 13°, however, was carried 
through a series of tests, all of which were satisfactory. The 
results given in Tables 27 and 28 are of interest, even though 
it is not possible to compare them with results for the same 
sample of milk kept at 20°. 


From the tables on page 63 the following facts may be noted: 
1. Here, as in the previous experiment, the extremely slow 
development of the total number of bacteria is very striking, 
at the end of fifty-two hours there being in all only 67,000. 
From the time of the first test to that made at the end of forty 
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hours, as will be seen by the first column in Table 27, there was 
no increase of bacteria. The next twelve hours showed consid- 
erable increase. ‘There was, however, a slight change in the 
variety of bacteria which appear in the successive analyses. 

2. A slight increase in the number of &. acédz lactic’? may 
be noticed in the first forty hours, and a considerable increase 
in the last twelve hours. 

3. The Streptococcus group remained practically unchanged 
in numbers during the first forty hours, but increased during 
the last twelve. 

4. The most peculiar characteristic of this sample of milk 
was the high numbers of Savcina 7. In the fresh milk 62 per 
cent. of the bacteria were of this species, and for the first forty 
hours the number remained nearly constant, there being a 
slight falling off both in total numbers and in percentage. 
In the last twelve hours, when the lactic organisms and the 
Streptococcus increased in numbers, the Savcina dropped off 
markedly, and in the last test were few in numbers. 

5. It will be noticed that this sample shows a very high 
percentage of No. 220. ‘This is a lactic organism closely re- 
lated to B. acid lactict, and having many of the characteristics 
of that more common species, but differing from it very sharply 
in its characteristic colony. It will be seen that in this sample 
of milk this lactic organism developed, in both numbers and 
percentage, during the forty hours when the other species were 
practically constant, but that in the last twelve hours it in- 
creased in numbers parallel with the increase in the number 
of other lactic organisms. 

6. The chief difference between this sample at 13° and the 
one given in Table 25 is in the total failure of most bacteria 
to grow for forty hours, in the failure of the Streptococcus to 
develop until the last twelve hours, and in the great numbers 
of Sarcina. 


Experiment No. 12. January 28.—This experiment, which 
was an exact repetition of the last, four days later, was suc- 
cessful throughout, and the results given in the following 
tables are quite reliable. 


SAMPLE KEPT AT 20 DEGREES. 
The study of the results with milk kept at 20°, given in 
Tables 29 and 30, shows nothing especially different from the 
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results shown by the previous tables. It will be noticed, how- 
ever, that there was an exceptionally large number of the 
species No. 220, which was the same organism that appeared 
in the last series of experiments. This organism was found 
in the first two tests in large numbers, but in the later tests 
did not appear. It is possible that the presence of this new 
organism was associated with the fact that in this experiment, 
as in the last, the animals were fed from a different lot of hay, 
which might very likely have contained some species of organ- 
isms differing from those previously found, which would explain 
the appearance of this No. 220 in such large numbers. 


SAMPLE KEPT AT 13 DEGREES. 


1. There was noticed, as before, in the milk kept at 13°, 
no increase in total number of bacteria for forty hours; indeed, 
the sample at the end of forty hours contained not quite half 
as many as the fresh sample of milk. In the next twelve 
hours there was, as in the previous experiments, an increase 
in total number of bacteria. It will be seen further that this 
increase that occurred between forty and fifty-two hours was 
due chiefly to the development of the Streptococcus and lique- 
fying organisms. 

2. The most striking difference between this and the last 
experiment is seen in the growth of the Sarvczza. Whereas in 
the experiment of January 24th this species was present in the 
first forty hours in large numbers, over 50 per cent. of the 
whole, in this sample there were present at the outset only .7 
of a per cent.—about 100 per cubic centimeter—and in the 
subsequent tests the presence of this species was doubtful, 
until the last one when they increased in numbers slightly. 

3. The liquefiers remained throughout this series of plates in 
about the same relative proportions, varying somewhat in differ- 
ent tests and increasing considerably in the last twelve hours. 

4. The acid organism No. 220, present in the first plates, 
disappeared entirely from the later tests in this experiment, 
whereas in the last experiment this species continued to be 
present up to the end of forty hours. 


Experiment No. 13. February 4.—This experiment is a 
repetition of Experiments Nos. 11 and 12. The results are 
shown in Tables 33-36 following: 
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The most significant features shown by the preceding tables 
are as follows: 


SAMPLE KEPT AT 20 DEGREES. 


1. In the sample of milk maintained at 20° there was a 
noted falling off in the number of Savcina species during the 
first six hours, from which time the number remained constant 
in percentage though increasing regularly in total numbers. 


2. The liquefying bacteria showed for the first eighteen 
hours a constant increase in percentage and total numbers, the 
‘ percentage reaching 44 at the end of the eighteenth hour; in 
the next six hours it dropped to 18. ‘The total number, how- 
ever, increased until the end of the experiment. 


3. The species No. 220 was found in the fresh milk in 
very unusual quantity, but it dropped very rapidly, the milk 
at six hours containing only 19 per cent., and in later experi- 
ments practically disappeared. 


: SAMPLE KEPT AT 13 DEGREES. 


1. In the milk retained at 13° the total numbers showed 
essentially the same variations as in earlier experiments, the 
number remaining without increase for about thirty hours, 
although by the fortieth hour a considerable increase was seen, 
and by fifty-two hours the number had become larger than in 
any other of the samples of milk kept at the same tempera- 
ture. 


2. The B. acid lacticti remained throughout the experiment 
with practically no change in percentage, but with an increase 
in total numbers in the last two tests. 


3. The Streptococcus group showed here the most unusual 
relations, inasmuch as in the last two tests the numbers in- 
creased prodigiously, rising to about 70 per cent. in the milk 
which was fifty-two hours old. This great increase in this old 
sample of milk was somewhat unusual, although something 
similar has been found in some other experiments. The in- 
crease in total numbers was also very great. 
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4. The species of Savcina played no part in the changes 
that must have taken place in this milk. They were present 
in considerable quantity and moderate percentage at the start, 
but disappeared from the plates by the fortieth hour, and were 
therefore present, if at all, only in small numbers. 


5. The liquefiers played little part in the experiment, their 
nuinbers remaining practically constant so far as concerns per- 
centage, though the total number increased with some regu- 
larity. 


6. ‘The other three miscellaneous species given in the tables 
either disappeared during the experiments, or became so small 
in numbers as not to be noticeable in the later tests. 


7. The chief change which occurred in the bacteria in the 
sample of milk retained at 13° was the extraordinary multi- 
plication of the Streptococcus group. Beginning somewhere 
between the thirtieth and the fortieth hour, this bacterium 
multiplied very rapidly, increasing the total numbers of bac- 
teria more than tenfold and producing a corresponding de- 
crease in the percentages of all other species. ‘The other 
species of bacteria remained without any considerable increase 
during the whole experiment. 


Experiment No. rg. February ro.—The conditions of this 
experiment were identical with those of the preceding. The 
results are shown in the following tables: 
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SAMPLE KEPT AT 20 DEGREES. 


1. The most striking feature in these tables is the very 
large number of species of bacteria. There are tabulated 
twelve different species, and a thirteenth column includes at 
least five other species, easily differentiated, but tabulated 
together in one column. 


2. There was a regular decrease in the percentage of the 
Streptococcus group, though a slow increase in total numbers. 


3. The liquefying bacteria showed a regular increase in 
percentage and numbers for the first four tests, reaching 55 
per cent. at twenty-one hours, and then a decrease in the last 
Lest: 


4. From these facts it appears that the large increase in 
numbers occurring between the twenty-first and the twenty- 
sixth hour was due to the exceptionally rapid growth of &. 
acidi lactict [. and II, In other words, the lactic organisms 
had at this time begun to grow at the expense of the other 
species, as previous experiments have shown that they always 
do in older samples of milk. 


SAMPILE KEPT AT 13 DEGREES. 


1. As before there was seen a complete absence of increase 
in total numbers for over thirty hours. By the thirty-eighth 
hour, however, there was a slight increase and by the fiftieth 
hour a considerable increase in total numbers. 


2. LB. acidi lactict played little part in the increase in num- 
bers, for, though more abundant in the last tests than in the 
others, its percentage was much less than in earlier samples. 


3. B. acidi lactic [7, had a very unusual development in 
this sample of milk. It was present in small numbers in the 
original sample, began to increase apparently about the twenty- 
fifth hour, and then developed very rapidly, reaching nearly 74 
per cent. in the last sample of milk. 


4. The Streptococcus group underwent a constant decline in 
percentage, with a very slight increase in total numbers. 


5. The two Sarcina species remained without increase dur- 
ing the whole experiment. 


GROWTH OF BACTERIA IN NORMAL MILK. Ws 


6. The liquefiers failed to develop in this sample, being 
present only in small numbers at the end. 


7. The miscellaneous species, which were numerous, con- 
tinued to remain through the whole experiment in about equal 
numbers, nearly every plate made showing most of these 
species present in small numbers and in small percentage. In 
other words, in this experiment the development of the lactic 
organisms did not, as usual, result in the decrease of the mis- 
cellaneous species. 


8. From these facts it is seen that the increase in numbers 
occurring from the thirty-eighth to the fiftieth hour was due 
to the excessive growth of ZB. actdi lactict [7., which resulted 
in a marked relative decline in percentage of all the other 
species present. 


SUMMARY OF THE EFFECT OF PRESERVING THE MILK AT 
I3 DEGREES. 

1. A temperature of 13° has an unexpected effect upon the 
total number of bacteria, as can be seen from the results given 
in the foregoing tables. Fora period of from thirty-six to thirty- 
eight hours the bacteria fail to grow at all, and may at this 
time be actually less in numbers than at the outset. This 
phenomenon is similar to that which occurs in milk at 70° for 
six hours, and may perhaps be regarded as a continuation of 
the so-called ‘‘ germicidal action’”’ of the milk. After about 
forty-eight hours the number of bacteria begins to increase, 
but even at fifty hours, the limit of our experiments, the num- 
ber is very small. It will be seen that at fifty hours the number 
of bacteria in milk kept at 13° is no more than is present at 
eighteen hours in milk which is preserved at 20°. 


2. After about the fortieth hour the growth of bacteria 
begins, but it is seen that some of the species of bacteria are 
different from those which develop in milk which is kept 
aieZOn- 


3. The action of this temperature is apparently to check 
very decidedly the growth of &. actdi lactic?, which, although 
not killed, remains even to the end of the experiments, as a 
rule, in small numbers, and is hardly more abundant at the 
end of the experiment than at the beginning. There is com- 
monly a slight increase in numbers in the last twelve hours. 
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4. ‘The growth which occurs after forty hours is due usually 
to the Streptococcus group increasing in numbers, sometimes to 
the B. acidi lactic J/,, and, in our experiments in one case 
only, to the development of B. acid? lactict J. 

5. During the first forty hours there are slight fluctuations 
in the species of bacteria which are found at different tests. 
The Streptococcus group regularly increases in total number 
and percentage. Liquefiers frequently increase. The Sarcina 
species in one case increased slightly, but usually remains about 
constant, or sometimes decrease in numbers. ‘The miscellane- 
ous bacteria remain in about equal quantity throughout the 
first forty hours. All of this simply means that for this period 
there is very little change in the bacteria, but that the S/vep/o- 
coccus appears to be able to grow at this temperature rather 
more readily than the other species. 

6. In general it thus appears that a temperature of 13° 
affects not only the total numbers of bacteria but also the 
species which develop. 

7. It appears that from a standpoint of the number of bac- 
teria which are present in milk at any age, the question of 
temperature is a factor of more significance than the question 
of the original contamination. 


SUMMARY. 

It ts well now to summarize briefly the general results which 
have been obtained from the experiments described in the previous 
pages. They are essentially as follows: 

rt. There was little regularity in the comparative development 
of the species present in milk. Numerous trregularities were ob- 
served in different experiments which are inexplicable by any data 
as yet in our possession, and many differences in growth were 
found in different samples of milk kept under apparently identi- 
cal conditions. 

2. The number of bacteria which are present in fresh milk 
gives no indication as to the number that may be present tn later 
hours. It frequently happens that milk which at the outset has 
small numbers will in later hours have numbers considerably 
larger than those in other samples of milk which at the outset 
contained more bacteria, even though the two samples of milk are 
kept under identical conditions. 
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3. The question of temperature is a matter of more signifi- 
cance in determining the number of bacteria which are present at 
any stage than the question of the original contamination of the 
milk. 


4. In the general changes which occur in the species present in 
milk two stages are clearly seen, which are not, however, sharply 
marked off from each other. The first ts the period of the first 
few hours, when the number of bacteria ts less than about ro,- 
000,000. This period lasts, in milk kept at 20°, for about twenty- 
four hours, but of kept at 13° tt lasts for about fifty hours or even 
more. The second period ts that in which the total number of 
bacteria ts over 10,000,000, and from this up to the time of curd- 
ling. 


FIRST PERIOD. 


5. Fora number of hours after the milk is drawn from the 
cow there ts no multiplication of bacteria, but, on the contrary, 
Jrequently an actual reduction in numbers. This has been 
pointed out before and has been called a ‘‘germicide property,’’ 
lasting for a varying length of time up to forty hours, the length of 
time depending somewhat upon temperature. After the first six 
hours at 20° most species of bacteria begin to increase in absolute 
numbers, some, however, remain without any appreciable growth 
and others seem to disappear, not being found in the later analy- 
ses. This means, at all events, that they do not materially develop 
in numbers, although they may not actually be destroyed. 


6. At 20° there ts a uniform increase in B. acidt lactict dur- 
ing the first period of twenty-four hours. The total numbers 
increase regularly and the percentage also increases, sometimes 
reaching 50 per cent. in the course of twenty-four hours, although 
more commonly tt is far less, from ro to 30 per cent. 


7. At 20° the other lactic bacteria are, in milk in this region, 
trregular in their development. B. acidi lactict Il. occurs in 
Jresh milk only rarely. It ts occasionally found in some quantity 
at the end of twenty-four hours but ts not usually of much impor- 
tance. B. aerogenes ts found with more or less regularity, but 
never in very large numbers. In the numerous samples of milk 
which we have tested this organism ts rarely present in propor- 
tions greater than 2 to 3 per cent. 
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8. At 20° the Streptococcus group always increases during 
the first period of twenty-four hours. The absolute numbers show 
a constant increase and frequently, though not always, the pro- 
portionate numbers also increase. This group ts always very 
abundant at the end of twenty-four hours and, in many cases, ts 
relatively more abundant than in earlier hours. 


g. At 20° the development of liquefying bacteria ts quite 
variable. There was practically always an increase tn total num- 
bers, and sometimes an increase in percentage, though frequently 
a decrease. 


Io. At 20° the two species of Sarcina developed only very 
slightly during the first period of ripening. They usually tn- 
crease in actual numbers though they decrease in percentage and 
are never present in numbers sufficient to make them of much 
Significance. 


rz. There ts a general decrease in number of miscellaneous 
species. This is not very noticeable during the first twenty-four 
hours, though tt frequently happens that some of the species pres- 
ent in small numbers at the outset fail to appear at the end of 
twenty-four hours. 


r2. At 13° the results are somewhat different. The most 
noticeable effect ts that this temperature produces a lengthening 
of the original period of no growth, from thirty-six to forty hours, 
and, although at the end of forty hours the number of bacteria 
zncreases, they are, even at fifty hours, relatively very few, usually 
no more numerous than those present after eighteen hours tn milk 
kept at 20°, 


13. After forty hours at 13° there is a somewhat rapid 
growth of bacteria. This, however, is not due to the development 
of the common B. acidi lactict but usually to other species. Most 
Srequently it appears to be the Streptococcus group that develops 
at this period. 

14. The effect of the low temperature appears to be to check, at 
least for fifty hours, the growth of the common lactic organism, 
B. acidi lactict. 


15. The effect of the low temperature appears to be to make it 
possible for the miscellaneous species of bacteria that may be pres- 
ent in the milk to remain in abundance a longer period. 
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16. The effect of a preliminary icing of the milk is also 
noticeable. When the milk ts iced for a period of fifteen hours tt 
produces several important results. The first ts a decrease in 
numbers of bacteria and rapidity of bacteria growth. This ts 
shown, not only by the fact that the milk at any particular hour 
contains fewer bacteria than the similar sample of milk which has 
not been iced, but also by the fact that the number which develops 
at the time when the milk curdles ts very much less tn samples of 
milk which have previously been iced. 


17. The preliminary icing of milk increases the chances which 
the miscellaneous bacteria have of growing in the milk; for milk 
which has been iced shows even tn late stages a larger number of 
miscellaneous organisms than a similar sample of milk which has 
not been iced, 


18. The effect of the preliminary icing ts to postpone the per- 
tod when the B. acidi lactict develops in abundance and gains the 
ascendency over the other species of bacteria; in other words to 
delay the second period in the ripening. 


SECOND PERIOD. 

r9. The second period ts characterized by a very rapid devel- 
opment of total numbers of bacteria which tncrease more rapidly 
than in the first period. This great increase ts due chiefly to 
the development of lactic organisms. B. acidi lactict 1, tn par- 
ticular develops now with marvellous rapidity, and the B. acidt 
lactict IT. ts also found, in many cases, in great abundance. B. 
aerogenes, tn our milk, rarely becomes very numerous. The acid 
organisms that develop during this second period sometimes 
reach 99 per cent. of the total bacteria, though commonly not 
so high as thts. 


20. Ffarallel with the increase in lactic organisms there ts a 
decrease in the relative numbers of all other species. Not only do 
the other species decrease in relative numbers, but most of them 
decrease in absolute numbers. The liquefiers frequently disappear 
entirely, and the Streptococcus group, which ts one of the most 
persistent, seems to disappear entirely in many samples of milk 
during the second period. The miscellaneous organisms certainly 
disappear from the analyses; and this may mean that they have 
been destroyed or merely that they are tn such small numbers that 
they fail to appear in highly diluted plates. » 
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21. The disappearance of the liquefying organisms and others 
explains the fact, frequently noticed by those who study milk, 
that the development of lactic bacteria in milk prevents putrefac- 
tion from taking place. In other words, the milk is protected 
Srom the action of putrefactive bacteria by the rapid development 
of the lactic bacteria. 


22. In general the most striking features in regard to the 
development of bacteria are the constant and uniform increase of 
lactic bacteria in the total numbers as well as in percentage, and 
the corresponding decrease in percentage and, finally, in total 
numbers, of practically all other spectes. 
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ED SolUDY OF RATIONS FEED TO MILCH COWS IN 
CONNECTICUT. 


IBY (C5 WSs, ISU BMORS). 


The study of rations fed to milch cows by several farmers in 
this State discussed on the following pages is similar to that 
conducted during the winter of 1899-1900, a full account of 
which was given in the last (1900) Report of the Station. The 
objects of the experiment were (1) to study the kinds of ra- 
tions in use by farmers; (2) to point out to farmers by means 
of simple tests on their herds the advantages of a more rational 
system of feeding than is in common use; and (3) to study the 
economy of feeding according to the yields of butter fat. 


The studies of thirty-seven dairy herds made by the Station 
in cooperation with farmers in different parts of the State prior 
to 1900, covering a period of seven years, and described in pre- 
vious Reports of the Station, have led to two general deduc- 
tions in regard to the feeding practices of Connecticut dairymen. 
First, the tendency has been to pay too little attention to the 
proportion of protein used in feeding milch cows. Rations rel- 
atively low in protein have predominated, although narrow ra- 
tions with liberal proportions of protein have generally proved 
more economical. Second, too little effort has been made to 
feed according to the productiveness of the cows; either the 
quantity of milk or the yield of butter fat would seem to bea 
more rational basis on which to calculate the ration than the 
live weight of the animal. ‘The first of these deductions was 
dwelt upon in the summary of the experiments of five years 
given’in the Annual Report of the Station for 1897. The 
second deduction was discussed in the Annual Report for last 
year (1900) and is further considered on the following pages 
in the report of the studies made during the winter of 1900— 
IQOl. 
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FEEDING ACCORDING TO YIELDS OF BUTTER FAT. 


Four herds were included in the studies here reported, two 
tests, as usual, being made with each herd. The herds were 
lettered and the tests numbered consecutively with those of 
former years, namely, herd T, tests 59 and 61; herd U, tests 60 
and 62; herd V, tests 63 and 65; and herd W, tests 64 and 66. 

In each case the feeding in the first test was conducted ac- 
cording to the usual practices of the dairyman, the kinds and 
amounts of coarse fodders and grain feeds used being those he 
was using when the test began. As a common thing each 
farmer fed all his cows a uniform ration, although in some 
cases the amount of grain feeds used was varied slightly for 
the different cows according to whether they were fresh or well 
advanced in lactation. An account was kept of the kinds and 
amounts of feeds used and of the quantity of milk produced, 
the feeds were sampled and analyzed, and the percentage of 
fat in the daily milk of each cow was determined; in this way 
it was learned how much of each ingredient the cow was re- 
ceiving per day and how much milk and butter fat she was 
producing. 

In the second test the ration was proposed by the Station 
and was based upon the yields of butter fat. All the cows 
included in the test were arranged in groups according to the 
amount of butter fat per day yielded by each during the first 
test, and all the cows in a group were fed a uniform ration. 
The ration consisted of two parts, a basal portion and a sup- 
plemental portion. The basal portion consisted of coarse fod- 
ders, usually those available from the farm, and grain feeds 
either grown on the farm or purchased. ‘These were used in 
such amounts and proportions as to supply approximately the 
same amount of protein as in the average ration used in the 
first test. ‘he supplemental portion consisted of concentrated 
feeding stuffs, which generally were purchased. These were 
mixed, according to their composition, in such proportions as 
to furnish from .2 to .3 pound of protein for every pound of 
the mixture—called for convenience a protein mixture. This 
mixture was kept separate from the grain feeds used as part of 
the basal ration, so that it could be omitted or fed in varying 
amounts as desired. In feeding, all the cows in a test were 
given the same basal ration and some or all of the cows 
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received a supplemental ration of the protein mixture, the 
‘amount of the latter varying according to the yields of butter 
fat. The plan of grouping the cows according to yield and 
the daily quantity of protein mixture and of protein fed per 
cow in each group in 1900 were as follows: 


TABLE 41. 


Daily yield of butter fat per cow in the different groups, and 
amounts of protein fed. 
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In each of two herds there were three groups, in one herd 
four groups and in one herd five groups. Group A in each 
herd was the one receiving only the basal ration. In two 
herds the cows included in this group were those producing 
.50-.65 pound of butter fat per day; in the two other herds 
those producing .50-.70 pound were put in group A. The 
daily quantity of digestible protein per cow in the basal ration 
varied somewhat for the different herds but was very uniform 
for all the cows in the same test. In two cases it was about 2 
pounds, in one it was 1.6 pounds, and in the other 2.5 pounds. 


THE DETAILED DATA OF DAIRY HERD TESTS OF 1900-1901. 


The detailed data of the dairy herd tests for the winter of 
I900-IgOI are given in Tables 44-51 beyond. ‘There are two 
tables for each herd. ‘The first table gives the statistics of the 
herd, including the breed, age, and estimated weight of each 
cow, the number of months since last calf, and, when known, 
the number of months till due to calf. It also includes the 
average daily yield of milk and butter fat and the daily per- 
centages of fat in the milk for the first and second tests. The 
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breeds of the different cows are indicated by the abbreviations 
given in the second column, as follows: J—Jersey; H—Hol- 
stein; A—Ayrshire; S=Swiss. The letter G before the des- 
ignation for the breed signifies that the cow was a grade. 

In the second table is given the average daily ration per cow 
as calculated for the whole herd in the first test and for the 
separate groups in the second test. It shows the weights and 
amounts of digestible nutrients in the coarse and the concen- 
trated feeds used in the ration, the fuel value, the nutritive 
ratio, the total cost, and the net cost after deducting the esti- 
mated value of the manure. Above the second table for each 
herd are given the kinds and amounts of feeding stuffs used 
daily for the herd in the first and second tests. 

The rations for the different groups were estimated on the 
basis of digestible rather than total nutrients. The digestible 
nutrients in the different materials fed were calculated from the 
total nutrients shown by analysis by use of factors (coefficients 
of digestibility). The proportions of nutrients in the materials 
used as determined by actual analysis are given in the tables 
in the article on analyses of fodders and feeding stuffs in an- 
other part of this Report. The coefficients of digestibility em- 
ployed in the calculations of digestible nutrients are given in 
the table below; the factors for the different feeding stuffs in- 
cluded in this table are based upon the results of actual diges- 
tion experiments with those materials or are assumed from the 
results of experiments with similar materials; the factors for 
the various mixtures were calculated from those for the differ- 
ent ingredients of the mixtures and the proportions in which 
they are used. 

The fuel values of the rations were computed by multiplying 
the number of pounds of protein and carbohydrates by 1860 
and of fat by 4220 and taking the sum of the products as rep- 
resenting the number of calories of available energy in the 
ration.* 


* Inasmuch as satisfactory factors for the computation of the fuel values of feeding 
stuffs for animals have not been established, factors used in calculating the fuel val- 
ues of the foods of man are frequently employed, although it is understood that the 
results thus obtained may be far from the truth. The factors here given are the older 
ones which have been commonly used. Factors slightly smaller than these, based 
upon more recent and more complete data, have been lately proposed by this Station 
(Report 1899, p. 104). The older factors have been used again in this instance, how- 
ever, in order that the figures given in the tables herewith may be directly compara- 
ble with those in preceding reports. 
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TABLE 42. 


Coefficients of digestibility employed tn calculating the digestible 
nutrients in the different feeding stuffs used in the rations. 


vu 
e 
a ancl wes 
KIND OF FEEDING STUFFS. aa = a Ps} 
HW oO aay 
Ay s5ut) 
i; 
% % % % 
* Corn meal, - = = = = = 60 92 93 58 
* Wheat bran, - - - - - - oh| 69 68 20 
* Cotton seed meal, - = - = = 88 | 93 64 32 
* Corn and cob meal, - - - - - FO |e Oe 84 28 
* Cream gluten meal, - - : - - 84 98 88 33 
* Chicago gluten meal, - - - - 89 | 93 93 33 
* Hominy chop, - - - - - - Goma ly <g2 93 58 
* Wheat middlings, - = 2 - = OM alan Si 81 33 
** National gluten feed, = = = = Clay Si) 84 66 
*** (Quaker oat feed, = = - = = 78 84 77 26 
* Corn stover, - = : - 2 = 45 62 61 67 
Owe Ies7, = = 2 = - Z = Sane UO 52 A4 
* Corn and soy bean silage,- . - = = 65 82 75 65 
* Mixed hay, . = = = - = 58 48 59 60 
* Timothy hay, - - = - - - 48 | 60 63 52 
+ Black grass, = = = - - = 58 48 59 60 
{ Grain mixture No. 1 used in test No. 61, - 79 ot 71 25 
{+ Grain mixture No. 2 used in test No. 61, - 85 95 77 29 
{ Grain mixture No. 1 used in test No. 62, - 82 82 74 2 
{ Grain mixture No. 2 used in test No. 62, - 85 89 aa 26 
} Grain mixture used in test No. 63, - = 77 74 76 22 
} Grain mixture used in test No. 64, - - 82 gl 81 40 
{ Grain mixture No. 1 used in test No. 65, - 81 82 78 28 
{ Grain mixture No. 2 used in test No. 65, - 86 89 80 46 
+ Grain mixture used in test No. 66, - 2 83 84 75 26 


The cost of the rations in the different experiments was cal- 
culated from the kinds and quantities of different materials 
used and the prices current during the season in which the 
experiments were made. ‘The prices of feeding stuffs taken 
were averages of prices for ton lots quoted to the Station by 
dealers in several different cities in the State. Those for coarse 
fodders produced on the farms were estimated by the farmers 
themselves. 


* See Report Storrs Experiment Station for 1897, A Study of Rations fed to Milch 
Cows, p. 22; and Nitrogenous Feeding Stuffs, p. 83. 
** Assumed as Buffalo gluten feed. 
*«* Assumed as oat feed. 
y+ Assumed as mixed hay. 
{ Computed from the assumed digestibility of the ingredients used in the grain 
mixture. 
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In calculating the values of the manure obtainable from the 
different rations the proportions of nitrogen, phosphoric acid 
and potash in the different materials used were estimated or 
assumed as closely as could be from the data available; and it 
was also assumed that 75 per cent. of these ingredients in the 
fodders and feeding stuffs would be recoverable in 'the manure.* 
‘The valuations per pound of these ingredients were taken from 
those estimated by the New England Experiment Stations for 
the year 1900-1901.+ 

The following table shows the average market price per ton 
of the different materials used and the estimated value of the 
manure obtainable from one ton. 


TABLE 43. 


Valuation of feeding stuffs used tn estimating cost of rations fed 
mulch cows in winter TGOO-L90T. 


on 
© op SukS 
are) afeiens! 

oe Sag 

| oe wd ur 

KIND OF FEEDING STUFFS. | Aun G UY Bios 

| PHD BayS io 

| Von ao kaw 
feo te Hoes 
ao ata 
3° Hoo g 

| 
$ | $ 
| | 

Corn meal, - - - - - - - | 20.00 5.00 
Quaker oat feed, - - - - - =a 20.00 g.50 
Pillsbury’s fancy mixed feed, - . - . 22.00 g.00 
Cotton seed meal, - = = = = = 26.00 19.00 
Corn and cob meal, - - - - - 15.00 | 4.00 
Wheat bran, - = - - - - => 20,00 8.00 
Cream gluten meal, 2 - - = - | 26.00 14.50 
Chicago gluten meal, - - - - - | 26.00 14.50 
Hominy chop, - - - - - =| 20.00 5.00 
Wheat middlings, - - - - - - 20.00 8.00 
National gluten feed, - - - - - 24.00 | 14.50 
Oat hay, - - - - - - - 12.00 3.50 
Timothy hay, - - - - - a 16.00 4.00 
Mixed grasses, - - - - - - | 14.00 | 4.00 
Black grass, - - - - - - - 12,60 4.50 
Corn stover, - . - . - - - | 6.00 3.00 
Corn and soy bean silage, - - - - | 3.00 125 


The details of the tests with the different herds during the 
winter of 1g00-rg9o01 follow. 


* See Storrs Expt. Sta. Rept. 1896, pp. 92-93. 
+ See article on Field Experiments with Fertilizers in this Report. 
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AVERAGE DAILY RATION PER COW. HERD T. 
Test No. 59. Oat hay 9.8 lbs., corn stover 8 Ibs., cotton seed meal .5 Ib., 
Quaker oat feed 3.3 Ibs., wheat bran 2.1 Ibs., corn meal 2.7 lbs. 


Test No. 61. Basal: Corn stover 8 lbs., oat hay 8 lbs., and 8 lbs. of grain 
feeds mixed as follows: Quaker oat feed 150 lbs., wheat bran 300 lbs., corn 
meal 200 lbs., cotton seed meal 75 lbs., cream gluten meal 125 lbs. Supple- 
mental protein mixture: Group B, 1 lb., and Group C, 2 lbs. of grain feeds 
mixed as follows: Cotton seed meal 100 lbs., Quaker dairy feed 100 lbs., 
cream gluten meal 100 lbs. 


TABLE 45. 


Average weight of food and digestible nutrients fed per cow per 
day with fuel value and cost in dairy herd 
tests Nos. 59 and 61. 
[Average weight of herd 750 Ibs.] 


DIGESTIBLE NUTRIENTS AND v 
sil FUEL VALUE. 2 
3S i} be ce re} eS 
fe | CARBO- 3 | 
a HYDRATES. se ¢ 3 2 
- us) || ] v v : = fe) 
KIND OF Foop. ov he grt s Bi eelaa et as 
2 | 2 /e/4.| S| 818 lele 
| I 2 ped) 4 4 ol ris = || oy 
Reece cub esibecvi cs ne Lie : 
z | ou) & u E 
y, > 
First TsEst No. 59. | Lbs. Lbs. Ibs Lbs.) Lbs.| Lbs. Cal I Cts. |Cts.] Cts. 
Whole Herd. Le | | 
Concentrated food, - | 8.6/1.12|.34|4.14| .14| 4.28/11480] 4.5] 8.7/3.6] 5.1 
Coarse food, - - |17.8| .63|.27/4.63|2.99| 7.62|/16480|13.1| 8.3/3.1] 5.2 
Total food, - 26.41.75 .61/8.773.13/11.90 27960) 7.617.06.7/10.3 
SECOND TEST NO. 61. | | | | 
| 
Group A. | | | 
Concentrated food, - 8.01.19).34 3.71| .13| 3.84|10790] 3.9] 8.6/3.6] 5.0 
Coarse food, - - |16.0| .43).21/3.64/2.23| 5.87|12600/14.7] 7.2/2.7] 4.5 
Total food, - 24.01.62 .557.352.86) 9.71 23390 6.815.86.3| 9.5 
Group B. | 
Concentrated food, - | 9.0/1.45|.40/4.03] .15] 4.18/12160] 3.5] 9.8/4.3) 5.5 
Coarse food, - - 16.0 -43 .21 3.64/2.23] 5.87/12600|14.7] 7.2/2.7] 4.5 
Total food, - 25.01.88 .61 7.67 2.88 10.05 24760 6.117.0'7.0:10.0 
Group C. 
Concentrated food, - 10.0\r.70|.45|4.36| .17] 4.53/13490| 3.3/I11.0/4.9| 6.1 
Coarse food, - - |16.0| .43|.21/3.64|2.23] 5.87/12600|/14.7| 7.2/2.7] 4.5 
Total food, - 26.02.13 .668.002.40/10.40 26090) 5.618.2:7.610.6 


* See foot note p. 84. 
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AVERAGE DAILY RATION PER COW. HERD: U: 


Test No. 60. Timothy hay 5.7 lbs., mixed hay 7.1 lbs., corn stover 5.7 lbs., 
corn and cob meal 5 lbs., wheat bran 1.3 lbs., cotton seed meal 1.7 lbs. 

Test No. 62. Basal: Mixed hay 10.5 lbs., corn stover 5.5 lbs., and g lbs. 
of grain feed mixed as follows: Corn and cob meal 300 lbs., wheat bran 400 
Ibs., cotton seed meal 200 lbs. Supplemental protein mixture: Group B, I 
lb., Group C, 2 lbs., Group D, 3 lbs, and Group E, 4 lbs., of grain feeds 
mixed as follows: Wheat bran 75 lbs., cotton seed meal 100 lbs, cream gluten 
meal 125 Ibs. 


TABLE 47. 

Average weight of food and digestible nutrients fed per cow per day 
with fuel value and cost in dairy herd tests Nos. 60 and 62, 

[Average weight of herd 725 lbs. ] 


| DIGESTIBLE NUTRIENTS AND v 
a FUEL VALUE. = 
| 3 a 
cen CARBO- S 5 
I prseasl HYDRATES. o £ 2 3 
are, cee | ei v a ara Pte oe 
KIND OF Foop. © S| v Ei fo} 5 
Ge 4 . vu a pe] Oo — + 
17) wv wi oo =| 2 uo 
= = ist 25 “ > is) ° Z 
Boe PO ee wl ee | ce lee r 
owe we | 2 | chan) 1 y 
| a rz wey my H q = 
i re 
ee | | —— | : | - | 
First Test No. 60. | Lbs.| Lbs.|Lbs} Lbs.| Lbs.| Lbs. | Cal. Te | Cts. |b: 5) (Ces 
Whole Herd. | 
Concentrated food, - | 8.0)1.13).39|3.75] .09| 3.84|/10890) 4.2) 7.3) 3.1| 4.2 
Coarse food, - - |18.5| .64).2915.39/3.31| 8.70/18590|14.6|11.3| 3.7| 7.6 
| | | | 


Total food, - 96.51.77 .6819.14'3.40|12.54/20480 8.018.6 6.811.8 
| | la 


SECOND Test No. 62.) | | | 
Group A. | 
Concentrated food, - | 9.0|1.42).41/3.57| .14| 3.71|11270) 3.3] 9.0) 4.2) 4.8 
Coarse food, - - |16.0 .60|.23/4.74/2.80 7.54/16110 13.4) Qed) 3 e2i e550) 
Total food, - 25.02.02 .64/8.31/2.94/11.25/27380, 6.3 18.1 7.4|10.7 
Group B. | | | | 
Concentrated food, - 10.01.69 .48 3.90| .15| 4.05|12700] 3.0|10.2] 4.9] 5.3 
Coarse food, - = - |16.0| .60|.23/4.74|2.80| 7.54|16110|13.4| 9.1| 3.2] 5. 
Total food, - 26.02.29 .71/8.64/2.95/11.59 28810, 5.819.3 8.111.2 
Group C. | 
Concentrated food, - [11.0 1.96).55|4.23| .17) 4.40 14150 2.g/11.4| 5.6] 5.8 
Coarse food, - - |16.0| .60).23/4.74/2.80] 7.54/16110|/13.4| 9.1) 3.2| 5.9 
Total food, - |27.0/2.56!.78/8.97/2.97 11.94 30260, 5.320.5 811.7 
Group D. | | | 
Concentrated food, - |12.0/2.24 .63/4.56] .18) 4.74 15640] 2.8/12.6) 6.3) 6.3 
Coarse food, - - |16.0) .60/.23/4.74/2.80) 7.54 16110 13.4 9.1} 3.2) 5.9 
Total food, = - 28.0 2.84 .8619.30 2.98 12.28/31750, 5.021.7 9.512.2 
Group E. | | | 
Concentrated food, - |13.0/2.51 .70|4..89| .19] 5.08 17070 225/03. 8)) FsO| Ono 
Coarse food, - - |16.0) 200 | Sa ease 7.54|16110|13.4) 9.1] 3.2) 5.9 
| | afin -| | = 
Total food,  - 29.03.11).93)9.63.2.99)12.62 33180 4.7 22.9 10.2:12.7 


* See foot note p. 84. 


OI 


A STUDY OF RATIONS FED TO MILCH COWS. 


16° — | — |6%) — | —] 161} — | — 63° — S57 |) | ee || — — | 00g | — | ‘oSeisay pis 
ZI | — — |44| — | —]oqz} — = IZr| — — |Sv| — | —|6qz) — | — — || 062 = | - ‘OSRIDAY 
Zrt | ze7r | Go°r | S| gS | oS | r:zze | gfe | o-1z || Sx-x | oz:z | Zor | 1S | VS | oh | vzz | cfc | ¥-1z || - - ‘ro6I “AON | z 00g | 9 | - - mig fen) 19 | a 
611 | SE-1 | go°r | zh | gh | oh | z-gz | o-0€ | g:gz || grr | gh | 96° | Eb | 6b | 6S | S-Zz | g'6z | oSz || - - ‘1061 “AON | I oSL 8 - - ‘moaaq | Z 
ger | 691 | grr | S| GY | GE | rz | o.SE | g-gz || Ser | ovr | Cer | e-¥| ov | 6'E | 1-zE| OEE | vo || - - ‘ro6r ‘Aon | I OOOI | OF | - - a a5) || 6) 
err | ter | Zor | 2 | SS | S| rve | L:Sz | 62z || or-r | 61-r | 6" | EV | oh | OF | Q-Sz | 1'gz | g:€z —~— TN OSL NG EOE = - = Tp celacsye |S: 
ze1 | fbr | gor | 2S | L£:S| Ly | L-€z | oz | vez || ger | SS | gorr | gh | g°S | zh | gr9z | g'ye | g:Ez || - - ‘1061 “AON | I og |S | - - oer Pato ye pat 
‘dT FNOAH 
66° — | — |Gr} — | — | gzz| — —- +6" — | — |e] — |] — | 612) — | — — | o€g | — | - - ‘98B1DAy 
Col} rrr | 86° | 6b) ES | Sw! rz | L:rz| S02 || 16° | 96" |1g° | oF | gv | Ev | g'6r | z1z | o'er — Sy ROS ang) 4ie= - = eile 2s 
Poem RQoe Ahr Ged Sie lkee valle :Oes(O'ee. into | et Talcer alors I eevltyse lersGz.| prog Ginz — ¥ | ooor | g | - - =) OSE 5) 
ZI1 | 2-1 | cor | oS | 2S | gy | S:zz | S-bz | groz || oor | 11°r | gg | Qh] 1S | Sh | 6-02 | Z:zz | z-6r || - - ‘1061 “Sny | S$ oSl L - - = Naf catia), 
D gnosy 
zg: | — | — | oS | — | — 69r | —- | — || 09g" — = Gig) ee eee | 1 (hORQ Is i——ale— - ‘OBRIDAV 
£g° | 6g: | o4° | gS | rg.) eS | e-pr | oS | Ser ||) og jog: | zZZ° | ZS | o'9 | 9:9 | 6:€r | g-hx | ore || - = Togr Apri OS =o) = - = a(x) 
OL erg: 3 Teese orsilowe| vor Won lleSn |i co Wit ol). tosbal Zeb liz-F lie-Gn \iZsor| Orel) = - ‘1061 “Snyw |S | 00g | g | - - Sets pe) 
16° | 66° | zg" | &4| S| ov | r1z| p-2z | 9°61 || 06" | S6" | 1g° | 2b) Sh | 6 | 6:02 | g-zz | €-61 || - - ‘1061 ‘ydag | S 00g Bie | ee 2 =) Map 5) 
6g° | gor | og" | £7 | SH) ov | Z:0z | ove | g'gr || 98° | Sor | zZ° | fh | gv | GE | o-0z | g:€z | g:Lt — b | ooor | 6 | - = = ry 5) 
ol | g4" | 09° | gS|o'9) S| oer) cer |cir}| 12 | LL | 19° | SS | 2-9 | 64] ofr | zx | o'er || - - ‘ro6r ‘Aeyr | 9 | 0Sg |v | - - = hye, 25) 
| ‘g FNOAD 
gS" — | — |e&¢o| —- | —}] Zor} — | — LS" — | — Jrs} — | — | Sar); — | — 4092, | — 4 = - ‘Q3R1DAV 
SS- jog: | 0S |oS | pS | 2:7) Gor) err | vor || gS- | 19° | ES: | bv] ov | ev) ex | 6x | S:zr |} - - ‘ro61 ‘Avy | S | oSZ lie = See (ies) 
gS | Sg: | oS | SS! gS | oS | Sor | p11 | £6 09° | 99° | 6b | FS) oS | er) S1r | Gzr)}zor)|| = - ‘ro61 “3ny | 9 | oSZ oe le = 5 Gai er5) 
oS | 19° | gh | S'S] 09] 67 | a: gor | tg SSe e9r Wy 0S*) KoFS | g:S. 23S, 16:6) I-g:on || 16 - - ‘to61 “3ny | S oSl Sree a = (pes) 
HCP If tolsfo CESS AOR |p eS Bev, | sae Wetec | Gy aae | GISt— | rx lsd IC Pris | Oa Sve ecrere |! efron NI) - ‘ro6r ‘Avy | Z | 008 ZI | - - So (ES) 
Sq’T | Sq’I | Sq’I| % | % | % | Sq’T| Sq’ |Sq’I||sq’L | sq’I|sq’r| % | 2% | % | sa’E| sa’T| sq’T _|OIN | sa’t |StA "yp gnoiy 
Pe eue e ee el | serine | Meal ter eee ene ie le B 
< rt) on < » < » im <4 i} mo 4 i) i este [LTS i n 
REE PI WIRE WSS ISP | eh Woteh ott oes DEV WE ls PET SI ech Miche Wats) ee see ds a y 
=) ST ncSe : 7 on TR ay 8 o. © |-pas1g pue dnoiy 
Jet JO pIetA | “yea “Byoq “MOTH ATHAL Jed JO PISA | Je “Spa “MOTH ATTA S mi 28 % ‘SMO) 
Ayieqd Ajieq AjIeEd AlLed Apied Ajied B & ; 
Q 
"1061 ‘9 OL b “AVI ‘S9 ‘ON LSA, ‘1061 ‘91 OL V ‘aay ‘£9 “ON ISAT = 


‘ON ‘Jou 


‘So puw €9 ‘sony sjsay Gurtanp A pay fo s7usywys 
"gv HIaVvy, 


g2 


AVERAGE DAILY RATION PER COW. 


Test No. 63. 


mixed hay 2.4 lbs., and 11.8 lbs. of grain feeds mixed as follows: 


200 Ibs., corn and cob meal 150 
Test No. 65. Basal: 


lbs. 


STORRS AGRICULTURAL EXPERIMENT STATION. 


HERD V. 


Corn stover 6.7 Ibs., black grass 7.7 lbs., oat hay 4.6 lbs., 


Wheat bran 


Black grass 6 Ibs., corn stover 5 lbs., oat hay 4 lbs., 
mixed hay 2 lbs., and g Ibs. of grain feeds mixed as follows: 


Corn and cob 


meal 500 lbs., wheat bran 400 lbs., cotton seed meal 150 lbs., national gluten 


feed 125 Ibs. 


Supplemental protein mixture: Group B, 1 lb., Group C, 2 lbs., 
Group D, 3 lbs., of grain feeds mixed as follows: 


Cotton seed meal 100 lbs., 


national gluten feed 100 Ibs., corn and cob meal 100 lbs. 


TABLE 49. 


Average weight of food and digestible nutrients fed per cow per 
day with fuel value and cost in dairy herd 
tests Nos. 63 and 65. 


[Average weight of herd 800 Ibs. ] 


DIGESTIBLE NUTRIENTS AND | v | 
re : FUEL VALUE. 3 | 
} oo : oc | 
fe! ° c 
Naas CARBO- Nes 5 
‘Sk HYDRATES. ey | S alee 
- io] : Tz = [fornstay ge V2 feo ee 
KIND OF Foon. oi os y Ea | ney Aon al Dea aaNas 
[SS a sa ef ees 3 | 2/O/8) 38 
Dees tectae ate Peeled Aedes eae. 
(8 | a Biel Bestel ure ae |e | 
| SUA Renice ooh a 
Z | P| 
First Test No. 63. | Lbs. Lbs.|L,bs| Lbs. | bs.; Lbs. | Caley pu: | Cts. |Cts.| Cts 
Whole Herd. | | ae 
Concentrated food, - |11.8/1.39].35] 5.56| .14| 5.70|14660| 4.7|10.6/4.5| 6.1 
Coarse food, - - |2T.4| .80].27| 6.04/3.56] 9.60,20480|12.8)11.1/4.2) 6.9 
Total food, - 88.22.19 .62/11.60/3.7015.30 35140 7.621.78.713.0 
SECOND TEsT No. 65.| | | | | 
Group A. | | | | | | 
| | | 
Concentrated food, - | 9.5/1.40|.38] 4.33] .13| 4.46,12500) 3.8] 9.0/4.0) 5.0 
Coarse food, - - |I7.0] .59|.22] 4.67|2.63] 7.30)15600|13.2] 8.9/3.3] 5.6 
Total food, - 26.51.99).60| 9.00/2.76 11.76 28100 6.617.97.3810.6 
Group B. | | | | | 
Concentrated food, - |10.5/1.63|.43] 4.75] .15| 4.90,13960| 3.6)10.1/4.6) 5.5 
Coarse food, - - |17.0| .59].28] 4.67/2.63] 7.30|/15600|/13.2] 8.9)3.3| 5.6 
Total food, - 27.62.22) .65| 9.42/2.78 12.20 29560 6.219.07.911. 
Group C. | | | | | 
Concentrated food, - |11.5/1.86].49] 5.15] .17| 5.32/15420| 3.5/11.2|/5.2| 6.0 
Coarse food, - - |17.0| .59|.22| 4.67/2.63] 7.30)15600/13.2) 8.9/3.3) 5.6 
8 |e | ee —— | : 
Total food, = - (28.52.45 .71 9.82/2.80 12.62 21020 5.8 20.18.511.6 
Group D, | | 
Concentrated food, - |12.5/2.10|.54] 5.57) .19| 5.76'16900) 3.3/12.3/5.7| 6.6 
Coarse food, - - |17.0} .59].22) 4.67/2.63} 7.30 15600/13.2| 8.9/3.3) 5.6 
Motalfood: = 29.5 2.69 7610.24 2.82.13 .06 32500 5.521.29.010.2 
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AVERAGE DAILY RATION PER COW. 


Test No. 64. 


STORRS AGRICULTURAL EXPERIMENT STATION. 


HERD W. 


Corn and soy bean silage 22.5 lbs., mixed hay 11.3 lbs., and 


8.2 lbs. of grain feeds mixed as follows: Wheat middlings 300 lbs., hominy 
chop 100 lbs., cotton seed meal 150 Ibs. 


Test No. 66. 


For all the cows alike, corn and soy bean silage 22.5 lbs., and 


mixed hay 10 lbs., and for the cows in Group A, 7.5 lbs., those in Group B, 
8.5 lbs., and those in Group C, g.5 lbs. of grain feeds mixed as follows: Wheat 
bran 400 lbs., cotton seed meal 200 lbs., Chicago gluten meal 100 lbs., hominy 


chop 100 lbs, 


TABLE 51. 


Average weight of food and digestible nutrients fed per cow per 


day with fuel value and cost in dairy herd 


tests Nos. 64 and 66. 


[Average weight of herd goo lbs.] 


| DIGESTIBLE NUTRIENTS AND | v 
er FUEL VALUE. | 5 
Bes | rN Poe ey Ves Ei 
| s CARBO- fees = 
hes HYDRATES. Perea en Yl) 3 
se) ; alt jt 3’ = 2 5 
KIND OF Foop. a er y Ra eas aed ine ali 
a oO |sle. os I 9 |e] o 
on) fe ct fe ae 0 a tg 
bree he He lees i ae aaa 
ee fee) Boh ee oh oe Em 
| | om | ow | 
ECA Ray ce 
First Test No. 64. | Lbs. Lbs. [Lbs| Lbs. | Lbs. Lbs. | Cal. 1p | Cts. |Cts.! Cts 
Whole Herd. | Rapa ; | 
Concentrated food, - | 8.2/1.57|.43/3.70| .12| 3.82|11830] 3.1] 8.8/4.3) 4.5 
Coarse food, - - |33.8] .83].38/5.79/2.82| 8.61/19160)/11 4/11 .3/4.0) 7.3 
Total food, - 42.02.40 819.49 2.94 12.43 30990. 5.9 20.18.311.8 
SECOND Test No. 66. | : 
Group A. 
Concentrated food, - | 7.5/1.61|.40/2.75| .12 2.87) 10020) 2.3| 8.3/4.6) 3.7 
Coarse food, - - |32.5] .87|.33/5.69/2.42| 8.11/18100|10.2/10 4/3.7] 6.7 
Total food, - 40.0 2.48|.73.8.44.2.5410.98 28120 §.118.78.310.4 
Group B. 
Concentrated food, - | 8.5/1.83].45|3.11| .14| 3.25/11340| 2.3] 9.4/5.1] 4.3 
Coarse food, - - |32.5| .87|.33/5.69|2.42| 8.11/18100/10.2|10.4|/3.7| 6.7 
Total food, - 41.0)2.70).788.802.5611.36 29440 4.919.88.811.0 
Group C. | 
Concentrated food, - | 9.5|2.04|.51/3.48) .15 3.63|12700| 2.3/10.5|5.7| 4.8 
Coarse food, - - [32-5 .87|.33/5.69 2-42) eRe Re OO Os 3.7| Ou7 
Total food,  - 42.0/2.91).849.172.67 11.7430800 4.720.99.411.5 
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DISCUSSION OF THE TESTS. 


Flerd T. Tests Nos. 59 and 61.—This experiment was made 
with a herd of thirteen cows, the animals being the same in 
both tests. The cows were all grade Jerseys and were esti- 
mated to weigh from 700 to 850 pounds. Most of the cows 
had calved within six months prior to the first test, and none 
were due to calve within three months of the close of the 
second test. The herd was well stabled, the temperature being 
quite uniform irrespective of the weather. The coarse fodder 
used consisted of corn stover, finely cut, and oat hay of good 
quality. 

The first test began December 11 and continued twelve days. 
In this test the average daily ration was composed of about 10 
pounds of oat hay and 8 pounds of corn stover, and about 8.5 
pounds of mixed grains consisting of wheat bran, corn meal 
and oat feed, with a very little cotton seed meal. ‘The ration 
was estimated to contain 1.75 pounds of digestible protein and 
was quite a wide one, having a ratio of 1:7.6. 

There was an interval of sixteen days between the tests. 
The second test began January 8 and continued twelve days. 
The same kinds of coarse fodders were used in this test as in 
the first, although the amount of oat hay was slightly reduced. 
The grain feed of the basal ration consisted of 8.0 pounds daily 
of a mixture of 150 pounds of Quaker dairy feed, 300 pounds 
of wheat bran, 200 pounds of corn meal, 75 pounds of cotton 
seed meal and 125 pounds of Chicago gluten meal, and fur- 
nished about 2.0 pounds of digestible protein per day. ‘The, 
protein mixture for the supplemental ration consisted of equal 
parts by weight of cotton seed and Chicago gluten meals and 
Quaker dairy feed. There were two groups of cows which 
received the protein mixture in addition to the basal grain feed. 
In one group (B) there were four cows which received one 
pound each, and in another group (C) there were five cows 
which received two pounds each of the protein mixture. There 
was estimated to be .25 of a pound of digestible protein in each 
pound of the mixture, and the amount of protein fed was in- 
creased one pound for every .15 of a pound of butter fat pro- 
duced above .65 of a pound. ‘There were two cows, however, 
whose yields of butter fat in the first test indicated that they 
should have received three pounds of the protein mixture if 
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this plan of feeding had been strictly followed. As the cows 
had not been accustomed to heavy grain feeding it was thought 
best not to increase above two pounds of this mixture, making 
a total of 2.13 pounds of digestible protein daily. 


"TABLA 552): 
Summarized results with herd T. Tests Nos. 59 and 61. 


[First test Dec. 11-22, Wess Second test Jan: 8-19, 1901.] 


DIGESTIBLE NUTRIENTS Ay. DAILY i ys | K 
AND FUEL VALUE. YIELD. eal cette 
sea es (Se 2 Bh 5), Se 
’ ee ae lee SRN eal pase 
; ale eetal Fe et ee oes eae 
BO Soa) ne INE ari collet eile 
SPI oe tey teal ats ales =e} & o | x 
£ Rl issstcl a = 2 a = wo Da gales 
- ee es Pa teatnnae 
| B15 | ali? 
Group A, 4 cows: Lbs.|Lbs} Lbs. | Cal. | Ts Lbs.| E,DSAECESeay ee) LIReESs 
Ist test, - - - |I.75|.61 11.90|27960'7.6|10.9, -71\17.0|1.56|23.9 
2ditest,— = - - |1.62].55| 9.71/23390|6.8|11.4) .77|15.8.1.39/20.5 
Group B, 4 cows: | 
Tstitest,. = : - |1.75].61|/11.90/27960/7.6/12.4) .79|17.0,1.37|21.5 
2d\ test, = - - {1.88 61 10.05, 24760/6.1/13.6) .89 17.01.25 19.1 
Group C, 5 cows: | 
mSt.testc 21-0 eS ees ‘eal. 90|27960|7.6|17.9|1.07|17-0 .95 15.9 
bd test, aie ie, ena a 10.40 26090|5. 6/18. 3]/1.13/18.2| .99 16.1 
Average of herd, 13 cows: | 
rst test, = - = 11:75 61 11.90 279607. 6/14.1) .87|17.01.2119.5 
2dtest, - - - |1.90).6110. 08 24860 6. 0/14.7| .94/17.1/1.1618.2 


Comparing the data obtained in the two tests on herd T, it 
will be seen that in the case of the first test the average cost of 
the ration for the entire herd was 17.0 cents and in the second 
test 17.1 cents; while the average daily yields were 14.1 pounds 
of milk and .87 pound of butter in the first test, and 14.7 pounds 
of milk and .g4 pound of butter in the second test. The aver- 
age food cost of producing 100 pounds of milk was 5.0 cents 
less, and of one pound of butter 1.3 cents less in the second 
test than in the first. The feeding of different amounts of 
protein to different cows according to the yields of butter fat is 
seen in this experiment to have been more economical than feed- 
ing a uniform ration, rather low in protein, for the entire herd. 


Flerd U. Tests Nos. 60 and 62.—Thirteen animals were 
included in each of the tests of this experiment, twelve being 
grade Jerseys and one a grade Holstein. ‘The average esti- 
mated weight of the cows was 725 pounds. Most of the cows 


* See foot note p. 84. 


A STUDY OF RATIONS FED TO MILCH COWS. 97 


had calved within six months previous to the first test, and 
none were due to calve until four months or more after the 
close of the second test. The herd was well stabled and was 
watered in a protected yard, where the animals were allowed 
to exercise in mild weather. The coarse fodder used was pro- 
duced on the farm, and consisted of hay of good quality and 
corn stover. ‘The grain mixture fed in the first test consisted 
largely of corn which was grown on the farm. 


The first test on this herd began December 26 and continued 
eleven days. In this test all the cows were supposed to have 
essentially a uniform ration, but the amount of grain fed to 
each varied somewhat, causing the ration to differ slightly for 
the different cows. In this test the average daily coarse fodders 
consisted of about 7 pounds of hay of mixed grasses, 6 pounds 
of timothy hay and 5.5 pounds of corn stover. The average 
daily grain feed consisted of 5 pounds of corn and cob meal, 
about one pound of wheat bran and a little less than 2 pounds 
of cotton seed meal. This ration was estimated to contain 1.77 
pounds of digestible protein, and to have a nutritive ratio of 
RSINOR 


There was an interval of sixteen days between tests. ‘The 
second began January 21 and continued twelve days. Owing 
to a lack of the cheaper coarse fodders, especially corn stover, 
more hay was fed in the second test than was thought to be 
desirable. The coarse fodders consisted of about 10 pounds of 
hay of mixed grasses and 5.5 pounds of corn stover. The basal 
grain ration consisted of about 9 pounds daily of a mixture of 
300 pounds of corn and cob meal, 400 pounds of wheat bran 
and 200 pounds of cotton seed meal, and furnished about 2 
pounds of digestible protein daily. The protein grain mixture 
was made up of 100 pounds of cotton seed meal, 125 pounds of 
Chicago gluten meal and 75 pounds of wheat bran. It was 
estimated to furnish .27 of a pound of digestible protein for 
each pound of the mixture. In this test four groups of cows 
were fed the protein grain mixture. In group B there were 
five cows which were fed one pound each; in group C there 
were four cows which received two pounds each, and one cow 
in each of groups D and E received three and four pounds of 
the protein mixture respectively. 
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TABLE 53. 
Summarized results with herd U. Tests Nos. 60 and 62. 


[First test Dec. 26, 1900-Jan. 5, 1g01. Second test Jan. 21-Feb. 2, 1901.] 


DIGESTIBLE NUTRIENTS |AV. DAILY F 
AND FUEL VALUE. YIELD. Bea P= e 
Reta Denier 2 ei|a|2 
a Eo ela ive el al = 
a | oak | reed aciiiseetalls esa cote ecco Ne corn ed 
| a | cs 3 | 3 =) fe s 
| |e Woolas 
ba | lb at = 
Group A, 2 cows: 2abs Lbs! Lbs | Cal | x Tbs!) d7bss\(Ctsi|| 3s fers: 
Ist test, - - - |1.77|.68/12.54|29480/8.0|11.6] .64/18.6|/1.60|29.1 
2d test, - - - |2.02].64/11.25|27380/6.3|13.2| .79/18.1|1.37/22.9 
Group B, 5 cows: | | 
Ist test, - - - |1.77|.68/12.54/29480/8.0]14.3] .84/18.6)/1.30/22.1 
adtest, - -. - |2.29|.71|/11.59/28810|5.8/14.4| .93/19.3|1.34/20.8 
Group C, 4 cows: | 
Ist test, - = - |1.77|.68/12.54|29480/8.0]17.9|/1.03/18.6|1.04/18.1 
adtest, -. -  - |2.56|.78|11.94|30260/5.3/19.0|1.18/20.5|1.08|17.4 
Group D, 1 cow: | | 
TStytestey a= - - |1.77|.68/12.54/29480|8 .0/25.9|1.39/18.6) .72|13.4 
ad test, - - - |2.84].86 12, 28)31750|5.0|25.8 T.61/21.7| .84)13.5 
Group E, I cow: 
TSHitest ye be > - |1.77|.68)12.54/29480)8.0/32.1|1.61/18.6 .58]/11.6 
2dtest, - = - |3.11].93|12.62/33180/4.7/33.7|1.80/22.9) .68/12.7 
Average of herd, 13 cows: | | | | 
Ist test, - - - 1.77|.6812.54'294808.0/17.4, .9818.61.07\19.0 
2dtest, - - - 2.44 .75 11.78 29610 5.518.0)1.1019.91.10)18.1 


Table 53 gives the results obtained in the separate tests with 
the different groups of cows. ‘The average cost of the ration 
used in the second test was 1.3 cents more than in the first 
test. The average yield of milk was .6 pound more and of 
butter .12 pound more in the second test than in the first. 
The cost of producing 100 pounds of milk was 3.0 cents more, 
while the cost of one pound of butter was nearly one cent less 
in the second than in the first test. When the average food 
cost of one pound of butter in the second test is compared with 
the average food cost of the same amount of butter in the first 
test, it will be noticed that the rations providing over 2.56 
pounds of protein were less economical than the average ration 
in the first test, which provided only 1.77 pounds of protein. 
Although the average milk yield was slightly more in the 
second test than in the first, the cost of milk was not reduced; 
while in the case of the butter the yield was greater in the 


* See foot note p. 84. 
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second test and the cost was reduced. ‘This was due to the 
fact that the milk in the second test contained a higher average 
percentage of butter fat. 


Flerd V. Tests Nos. 63 and 65.—The total number of cows 
in each of the tests with this herd was seventeen, twelve of 
which were grade Jerseys, four grade Holsteins and one a 
Devon. The cows varied in estimated weight from 750 to 
1,000 pounds, the average being placed at 800 pounds. Nearly 
all the cows had calved within six months previous to the first 
test, and none were due to calve within two months after the 
close of the second test. The cows were fed a large amount of 
coarse fodder, consisting of black grass hay, mixed hay and 
corn stover, and in addition quite a large proportion of corn 
grown on the farm. 


The first test began February 4 and lasted twelve days. 
During this test a large amount of hay and corn stover was 
fed, the average daily allowance per cow being 21.4 pounds. 
The grain mixture consisted of 200 pounds of wheat feed and 
about 150 pounds of corn and cob meal, which was fed at the 
rate of about 12.0 pounds per cow each day. The average 
ration fed in the first test was estimated to contain 2.r9g pounds 
of digestible protein and to have a nutritive ratio of 1:7.6. 


After an interval of sixteen days the second test was begun, 
on March 4, and continued the usual period of time. The 
coarse fodder used daily in this test consisted of a total of 17 
pounds of oat hay, black grass hay and corn stover. The basal 
grain mixture was made up of 500 pounds of corn and cob 
meal, 4oo pounds of wheat bran, 150 pounds of cotton seed 
meal and 125 pounds of national gluten feed, and was fed at 
the rate of 9.5 pounds per day. ‘The protein mixture con- 
sisted of equal parts of cotton seed meal, national gluten feed 
and corn and cob meal. The basal grain mixture with the 
coarse fodder gave a ration containing approximately 2 pounds 
of digestible protein per day, while the protein mixture fur- 
nished approximately .2 of a pound of digestible protein for 
each pound of the mixture. 

The cows were divided into four groups in the second test, 
one of which (A) containing four cows received the basal ration 
only, another (B) containing five cows received 1 pound of the 
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protein mixture in addition to the basal ration, another (C) 
containing three cows received 2 pounds extra, and another 
(D) containing five cows received 3 pounds extra. 

It will be noted from the above that the rate at which the 
protein was increased, for the more productive cows, was re- 
duced in this from what it was in the last two experiments. 
The increase in the protein fed, however, was made on the 
basis of a smaller increase in the yields of butter fat, as shown 
in the tabulation on page 83. 


TABLE 54. 
Summarized results with herd V. Tests Nos. 63 and 65. 


[First test Feb. 4-16, tg901. Second test Mar. 4-16, rgot.] 


DIGESTIBLE NUTRIENTS |AV. DAILY! : 
AND FUEL VALUE. YIELD. | | of 5 
Week hea ce Pirie | ao orn | aaah aan es 
: eulece r eWeek it &: 
Go ee | Seal 2 oes 
o |} | sv IA ey = ae leet os 
| sicker: tal: el ae 
| & 7 rcs oe) 
Group A, 4 cows: rte, Lbs| Lbs. | Gal.) rs) I bs:| Ibs: Cts: $ | Cts. 
Isttest, - -  - |2.19|.62/15.30/35140|7.6|11.5| .67|\21.7|1.88/32.4 
ad test, - E - |I.99|.60 I1.76/281006,6|10.7) .65|17.9 1.67 27.5 
Group B, 5 cows: : | 
Ist test, - - - |2.19).62/15.30/35140|7.6|16.7| .93/21.7|1.30/23.3 
adtest, - - = |2.22!.65|12.20/29560\6.2/16.9| .96|19.0|1.12/19.8 
Group C, 3 cows: | | | | 
Tst‘teSt, «n= - - |2.19 .62/15.30/35140 7.6/21.9|/1.10/21.7| .99 19.7 
edstest = - - |2.45|.71|12.62/31020/5 .8|/22.6]1.16/20.1] .89)17.3 
Group D, 5 cows: | | | | 
Tst test; =- - - |2.19|.62/15.30/35140/7.6/26.9/1.41/21.7| .81/15.4 
2diitest an= - - |2.69).76|13 .06/32500|5 .5|26.0/1.42/21.2| .82)14.9 
Average of herd, 17 cows: | | | | 
Ist test, - -  - |2.19 .62/15.30/85140'7.6/19.4/1.04/21.7/1.12/20.9 
adtest, - - - |2.84.68)/12.42/3038206.0/19.1/1.06/19.6)1.0318.5 


The results of this experiment are interesting because of the 
reduction in the cost of the ration, and in the cost of producing 
milk and butter in the second test as compared with the first. 
In every group the cost of producing 100 pounds of milk and one 
pound of butter was less in the second test. The milk and the 
butter yields were nearly alike in the two tests, which would 
tend to show that the saving must have been due to the 
cheaper ration in the second test. An excessive amount of 


* See foot note p. 84. 


A STUDY OF RATIONS FED TO MILCH COWS. IOI 


coarse fodder was fed and the animals rejected quite a little of 
it. The grain feed was not an expensive one, as most of the 
corn was grown on the farm; yet a grain mixture with a little 
larger proportion of protein seemed to give better results. A 
considerable saving in the cost of producing milk and butter 
was made in this experiment when from 2.20 to 2.45 pounds 
of protein were fed, as compared with 2.19 pounds in the first 
LeESt: 


flerd W. Tests Nos. 64 and 66.—This was a large herd of 
about fifty cows, from which thirty were selected as suitable 
for the experiment. The cows were mainly grade Swiss and a 
few were grade Jerseys and natives. Most of them were me- 
dium sized, the average estimated weight being goo pounds. 
All but one had calved within five months previous to the first 
test, and, as far as known, none were due to calve within five 
months of the close of the second test. The herd was kept in 
a high, well ventilated stable, and was allowed to exercise in a 
yard in pleasant weather. 

The coarse fodder in the daily ration of the first test con- 
sisted of about 22 pounds of corn and soy bean silage and 11.3 
pounds of a fair quality of hay. The grain ration was com- 
posed of about 8 pounds of a mixture of three parts, by 
weight, of flour middlings, one part of hominy chop and one 
and one-half parts of cotton seed meal. It was supposed that 
this ration would furnish about 2 pounds of digestible protein 
daily, but after samples were analyzed it was calculated to con- 
tain about 2.4 pounds of digestible protein daily. ‘The large 
amount of protein in the ration was due, to a considerable 
degree, to the high percentage of protein contained in the corn 
and soy bean silage. 

In the second test it was thought best to test the value of a 
larger amount of protein than 2.4 pounds, and to increase the 
protein according to the yields of butter fat, on the same plan 
as in the last experiment (Herd V). ‘The hay used in the 
second test was reduced to an average of 10 pounds per day. 
The basal grain mixture consisted of four parts, by weight, of 
wheat bran, two parts of cotton seed meal and one part each 
of hominy chop and Chicago gluten meal. No second grain or 
protein mixture was used in this test, but the mixture named 
was fed to different groups at the rate of 7.5, 8.5 and 9.5 


8 
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pounds per cow daily. In this way the protein was increased 
approximately .2 of a pound for the different groups according 
to the yields of butter fat. But the nutritive ratio was not 
decreased as rapidly by this method of feeding as in the cases 
where a protein grain mixture was used. 


TABLE 55. 
Summarized results with herd W. Tests Nos. 64 and 66. 


[First test Feb. 18-Mar. 2, 1901. Second test Mar. 18-30, 1got.] 


DIGESTIBLE NUTRIENTS |Av. DAILY 


AND FUEL VALUE. YIELD. : “4 a 

TAS Nee. (SOTERA S Le a | 2 
— - a 

| Rahige | = | # | 3 

5 ; = | a wo 2 

: Do vu ope u te} : 

5 } y 2 = Sl tH ha = 

. a _ 
SD. i] sal newer i|| Te Ce eB ee a ee ees 

2 So HH > aS = ~ CAN et 

© K aU a= s = x es 

u on | = eke a fe cai eee 

AY | ee uv ee) 1S) wn ro) 
ao |} 3 5 fe) 

| 7 Oo ie) 


Lbs.|L,bs} Lbs. | Cal. 


H 


see | : 
Group A, 7 cows: Tbs.| Tbs. |Cts: |, if | Cts. 


TSt test. a= . - |2.40|.81/12.43/30990|5.9|14.5| .78/20.1\1.39|/25.8 

ZOMtESt os we) = - - |2.48].73/10.98/28120/5.1/13.8] .78/18.7|1.36/24.0 
Group B, 10 cows: | 

st test; = - |2.40|.81/12.43|30990|5 .9|18.3] .98/20.1/1.10 20.5 

ad test, - - - |2.70|.78}/11.36/29440|4.9/17.1| .g5|19.8)1.16/20.8 
Group C, 13 cows: 

TStteSt. = - - |2.40).81/12.43/30990|5 .9/23.3/1.19/20.1| .86,16.9 

Bdvtest, =) - - |2.91|.84/11.74/30800/4.7/21.3|1.16|/20.9| .98/18.0 
Average of herd, 30 cows: | 

Ist test, - -  - |2.40/.81/12.43)80990\5.9/19.6/1.03/20.1)1.03/19.5 

4.8 20.01.10 20.0 


adtest, - - - (2.74|.79)11.44/29710)4.8)18.11.00 


The results of this test show that when the ration contained 
over 2.5 pounds of protein per day the food cost of milk and 
butter was relatively greater than when 2.4 pounds of protein 
were used. ‘This would seem to indicate that at the prices 
existing during the period covered by these tests the limit of 
protein feeding for the most profitable results is about 2.5 
pounds daily. 

SUMMARY. 


Four herds of cows were studied during the winter of 1900- 
zoor. Two tests were made with each herd, covering periods of 
twelve days each in all except one test, which lasted eleven days. 

In the first test the entire herd was fed the ration in use by the 
dairyman, which usually was nearly the same for all cows of the 
herd. The amount of protein in the ration varied for the differ- 
ent herds from 1.75 to 2.40 pounds per cow per day. 


* See foot note p. 84. 
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In the second test the ration was varied according to the yields 
of butter fat produced in the first test. Two grain mixtures were 
used in this test, the first was included with the coarse fodders in 
what was called a basal ration, which was planned to contain 
about the same amount of protein as the average ration used in 
the first test; the second grain mtxture, called a protein mix- 
ture, was chiefly made up of concentrated nitrogenous grain feeds, 
combined in such proportions as to furnish, in the different cases, 
between .2 and .3 of a pound of protein for each pound of the 
mixture. The plan of feeding in this test was to use the basal 
ration uniformly for all cows tn the test, and to add to this certain 
quantities of the protein mixture, varying for the different cows 
according to the average daily amount of butter fat they had pro- 
duced tn the first test. 

The results of the two tests with each of the four herds are sum- 
marized in the following table, the figures in the table are aver- 


ages for the total number of cows in each test. 
‘ 


TABLE 56. 
Summary of daily rations fed, and daily milk and butter yield, 


| dl AVERAGE| COST OF Foop. 
os a DAILY RATION PER HEAD | Sey anes Fe) ERODES 
= |g] | += | 100 Ibs.; 1 Ib. 
Oa eat Ie | 3 | 5 _ | & | Milk. | Butter. 
UV ein ovwul al ¥ *, z Rial ae, | Ene ay Rn ee 
HERD. PE leigh lesei | 8 | a S| 3 TES SN 
¥ $9 |gea| g @ || Be) a 
e eigeleeele|s|elals| 2 igi é 1% 
m B/ Me iopwsla | 5 cen itera: Wesel 
}2 [alae | sea] & Sha eein ee area eee la | ete lee 
* eons ee BN hacen: 
| | haan aes o Nal 
Lbs. WbsiiGals | ts) (Cts; Cts) | bs; bs: 9s  |.Ctl (Ct. | Ct 
| 
T { 1st test, } aes 59/1 .75|27960)7 .6)17.0)10.3]14.1| .87)1.21/73)19.5\12 
uoiesd atest) 75 1 611.90. 248606.017.1/10.1 14.7} .94/1.16|/69/18.2\11 
U fist test,) |. { |60/1.77|29480/8 .0/18.6/11.8/17.4| .98]1.07|68|19.0\12 
? a test, f 725 ( 62/2.44 29610 5.5 Ig.Q/I1.5|18.0,1.10|1.10/64/18.1 10 
Vv ( 1st test, 800 } 63 2.19 35140,7.6 21.7/13.0/19.4|/I.G4|1.12|67/20.9|13 
; ( 2d test, 65|2.34 30320/6.0 19. 6)11.4/1g9.1|1.06/1.03/60 18.5 rr 
Ww Ist test, nel 64)2.40 30990|5.9 20. I/II. 8|19.6.1.03/1.03/60,19.5 11 
@ 2d test, 9 1 66 2.74/29710 4.8/20.0)f1.1/18.1/1.00|1.10|61\20. 0/11 


The cost of the average ration was less in the second test for one 
herd, practically the same for two herds, and was more in the 
second test for one herd. The average food cost of producing roo 


* ‘Total cost less value of obtainable manure. 


+ On the assumption that the amount of butter that can be made is equiv alent to 
seven-sixths of the amount of butter fat produced. 
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pounds of milk was less in the second test for two herds and was 
more for the other two herds. The average food cost of one pound 
of butter was less in the cases of three herds and more in the case 
of one herd in the second tests. 

When the food cost of producing milk and butter is compared by 
groups of cows fed different amounts of protein in the first and 
second tests, tt appears that the cost of producing one pound of 
butter was less in nearly all groups in the second test than in the 
jirst, when the amount of protein in the second test was not more 
than about 2.6 pounds per day. The gains in yields and profit 
in the second tests seem to be most marked when the results from 
the use of from r.9 to 2.4 pounds of protein are compared with 
those from the use of smaller quantities. 

The economy of feeding according to the yields of milk or butter 
fat depends much upon what yields are taken as a basis. In 
these experiments, where about 2 pounds of protein was used as a 
basal ration for a yield of .5 of a pound of butter fat daily, and 
the protein was increased from .20 to .27 of a pound for an in- 
crease of from .15 to .20 of a pound of butter fat, the food cost of 
production was generally less, until the protein reached about 2.6 
pounds, than where untform rations with smaller amounts of 
protein were used. The number of experiments ts too small and 
the variations in the amounts of protein fed are too limited to be 
used as a basis for judging the amounts of protein needed for a 
given yield of butter fat; but the indications are that the amount 
of protein fed should be between 1.9 and 2.5 pounds, varying ac- 
cording to the productiveness of the cow. 
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HFFICIENCY OF A COVERED PAIL IN EXCLUDING 
HILT, AND BACTERIA, FROM MILK. 


BM Wir As S LOCKING.” Re 


Milk of good quality should contain certain proportions of 
protein, fats and carbohydrates, and should be free from all 
foreign matter and noxious organisms. Its chemical composi- 
tion and its appearance, odor and taste should remain unchanged 
for a reasonable length of time, and it should reach the con- 
sumer in a clean, wholesome condition. Unfortunately the 
average milk, as obtained under ordinary conditions, while 
perhaps meeting all requirements as regards chemical com- 
position, too often contains an appreciable amount of foreign 
matter, consisting of dust, dirt, excreta, skin, hair, etc., which 
during the milking fall into the pail from the air, the cow, and 
the hands and clothing of the milker. Not only is such con- 
tamination objectionable in itself, but the particles which fall 
into the milk commonly introduce various species of bacteria 
which, finding an excellent medium in which to grow, fre- 
quently give serious trouble to those who use the milk. Among 
the bacteria thus introduced into the milk may be those which 
produce very undesirable effects in the products of creameries, 
cheese factories, etc., those which cause milk under ordinary 
conditions to spoil.rapidly, and even those which produce 
serious illness in persons who drink the milk. Having once 
gained access to the milk these noxious organisms are not 
easily destroyed by any means that will not at the same time 
materially affect the condition of the milk itself. 


There is a rapidly growing demand for cleaner and more 
wholesome milk, both for direct consumption and for the pro- 
duction of butter, cheese and other milk products, and pro- 
gressive dairymen are desirous of knowing how to meet this 
demand. ‘The increasing interest and importance of this ques- 
tion led the Station to undertake the work described in this 
article. 
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Various methods of clarifying milk, such as straining, filter- 
ing, sedimentation, and the use of centrifugal machines, have 
been employed both in this country and in Europe. Some of 
these have been fairly successful in removing both dirt and 
bacteria, but none have proved entirely satisfactory. One 
important objection to such methods of handling milk, especi- 
ally in the small dairy, is that they involve considerable time, 
and some of them additional machinery, and thus add to the 
cost of production. 


It is much more important, however, to go further back 
than this, and to prevent the dirt from getting into the milk 
at all, because a good deal of it dissolves readily in the warm 
milk and therefore cannot be removed, and thus contaminates 
the milk with both filth and the bacteria of the dirt. It is 
necessary, therefore, to secure some means whereby the dirt 
may be originally excluded. 


It has been found that if the stables are well cleaned and 
ventilated and exposed to sunlight, if the cows are kept well 
brushed and cleaned, if just before milking the parts of the 
cow immediately above and around the pail are washed, and 
if the milker is clean and wears clean clothes and uses sterile 
utensils, the quantities of dirt and bacteria which get into the 
milk are greatly reduced. 


Devices for excluding the dirt have also been tried in this 
country andin Europe. One of the simplest and most practical 
of these is a milking pail with a cover for reducing the area of 
the surface exposed during the milking. In order to test the 
efficiency of such a pail for keeping out dirt that would fall into 
an open pail, the writer carried on a number of experiments 
during the winter of 1901-1902 at the Connecticut Agricultural 
College. In connection with these experiments a number of 
other observations were made, the whole investigation includ- 
ing: 

1. The efficiency of the covered pail in excluding dirt from 
the milk. 


2. The relation between the amount of dirt in the milk and 
the keeping property of the milk. 

3. The relation between the amount of dirt in the milk and 
the germ content. 


ere 
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4. The relation of the germ content to the keeping property 
of the milk. 

5. A comparison of the results obtained with a covered pail 
and by straining milk from an open pail immediately after it 
was drawn from the cow. 

The results of these experiments are discussed on the follow- 


ing pages. 
THE EFFICIENCY OF A COVERED PAIL IN EXCLUDING DIRT. 
Two kinds of milking pail were used in these experiments. 
One was a regular open pail, the other was a pail with a cover 


of special design.* An illustration of the latter is given in the 
cut below. It is an ordinary milk pail with a closely fitting 


cover which has an opening on one side into which is soldered 
a funnel four inches in diameter, having a wire gauze of fine 
mesh soldered across the bottom. This funnel extends slightly 
above and below the cover and slopes somewhat toward the 
side of the pail. Another funnel, which is loose, fits inside of 


*This pail was devised by Mr. F. H. Stadtmuller, of West Hartford, and is used by 
him in the production of high grade milk. It is also used by Prof. C. L. Beach in the 
dairy of the Connecticut Agricultural College. 
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this one. When the pail is to be used a few layers of clean 
cheese cloth are placed across the opening of the lower funnel 
and the loose funnel is pushed in to hold the cheese cloth in 
position. ‘The whole apparatus is simple in structure and can 
be easily cleaned. 

The method of the experiment was to compare the amount 
of dirt in samples from the two pails. In order to have the 
conditions as nearly uhiform ‘as possible two cows were chosen 
which gave about equal quantities of milk and required about 
the same time to milk. These cows stood side by side in the 
stable, and were milked by the same man each time. On one 
day cow No. 1 was milked into the open pail and cow No. 2 
into the covered pail, and on the next day the order was re- 
versed, cow No. 2 being milked into the open pail and cow 
No. 1 into the covered pail. 

The milk in each pail was then thoroughly stirred and one 
liter of it was taken out for a sample and tested for the amount 
of dirt it contained. For this work it was necessary to devise 
a method whereby the amount of dirt in a given quantity of 
milk could be determined. So far as known to the writer no 
work of this kind has been done in this country. Some Euro- 
pean investigators have made quantitative determinations of 
the dirt in market milk, and tests have been made of the dif- 
ferent methods of clarifying milk, the most satisfactory results 
being obtained by the use of centrifugal machines. The latter 
method was employed in collecting dirt from milk in these ex- 
periments. 

It is very difficult to remove all the dirt particles from milk 
without at the same time taking out some of the ingredients of 
the milk, such as small masses of casein, fat globules, etc. 
Several methods were tried, the one giving the most satisfac- 
tory results being as follows: 

The sample of milk was heated to 90° F., and was then run 
through a separator the bowl of which had also been warmed 
to 90° by running through it warm filtered water, the amount 
and temperature of the water necessary for the purpose having 
been previously ascertained. The milk was poured directly 
from the sampling flask into the receiving cup of the separa- 
tor, thus avoiding any error that might arise from pouring it 
through the supply tank. ‘The sampling flask was then washed 
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with warm filtered water, and this was also poured into the 
bowl. After that filtered water at 90° was run through in 
sufficient quantity to wash out the greater part of the milk 
from the dirt residue. If the bowl was running at the proper 
speed before the milk was poured in, and if the speed was 
maintained till the overflow had entirely ceased, there would 
be left in the bowl a watery liquid containing the dirt from the 
sample and a small percentage of milk; but when the work was 
properly done there would be no fat left in the bowl to inter- 
fere with the subsequent filtering. 

The contents of the bowl, which consisted of the dirt residue 
and small quantities of milk, were then collected in a small 
dish by means of repeated washing, and these were filtered 
through a filter paper which had previously been dried in a 
desiccator and weighed. In order to free the residue on the 
filter paper froin all trace of milk it was necessary to wash it 
for several hours with warm filtered water. After washing 
until-the filtrate showed no traces of cloudiness the paper with 
the dirt was again dried in the desiccator and weighed, and the 
weight of the dirt computed. 


TABLE 57. 
Difference between amounts of dirt in milk from open and covered 
pails. 

WEIGHT OF DiRT PER LITER) EE 

OF MILK. UTP 

‘58 

| - > 

r No] | vu 

DATE OF TEST. a. v | o ate 

ar ae OE ears 

go oo Ps os 

Len! [=| <4 7) 1S) 

a A Ay 4 

Gram. | Gram. | Gram. %o 
October 15, = : s = = - | 0.1613 | 0.0600 | 0.1013 | 62.8 
October 16, - - - - - - | 0.1410 | 0.0400 | 0.1010 | 71.6 
October 17, = = = : : =| Os 2185 | (Ox0510), | O2 0675 |) Stag 
October 22, = < e E - - | 0.0690 | 0.0515 | 0.0175 | 25.4 
October 23, = = = = = - | 0.1040 | 0.0225 | 0.0815 | 78.4 
November 4, - = = 3 : - | 0.1350 | 0.0440 | 0.0910 | 67.4 
November 5, - - 2 2 - - | 0.0600 | 0.0360 | 0,0240 | 40.0 
November 15, - = - = - - | 0.1063 | 0.0295 | 0.0768 7458) 
November 16, - _—_- = 2 = - | 0.1095 | 0.0480 | 0.0615 | 56.3 
November 18, - = = 2 = - | O.1TIO | ©,0400 | 0.0710 | 64.0 
November 16, - = = - - - | 0.1200 | 0.0630 | 0.0570 48.0 
November 20, - - = = - - | 0.0785 | 0.0090 | 0.0695 | 89.0 
November 21, - = = = = - | 0.0835 | ©.0460 | 0.0375 | 45.0 
November 22, - - - = = - | 0.0465 | 0.0300 | 0.0165 | 36.0 
; AEF | | ag 
Average, - - - - - - | 0.1103 | 0.0408 | 0.0695 | 63.0 
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The dirt collected in this way of course consisted chiefly of 
insoluble materials, because most if not all of the soluble mate- 
rial would be dissolved by the use of so much warm water as 
is necessary to wash the milk out of the dirt residue, and in 
solution would be thrown out of the separator or would pass 
through the filter paper. The table above gives the results of 
a series of tests made as above described. 

The figures in the table show that on the average there was 
in a liter of milk from the open pail 0.11 gram of dirt, and 
from the covered pail 0.04 gram; indicating that 63 per cent. 
of the dirt falling into the former pail was kept out of the 
latter by the cover. 

The amount of dirt falling into the open pail was not large 
in any case. The weights given in the table are for dry dirt, 
and for insoluble material only; but the total quantities of dirt 
in the milk were probably not much larger than these. In milk 
obtained in dairies where the sanitary conditions are poor the 
amount of dirt is very much larger. These tests were made 
with cows kept in a stable where the conditions of cleanliness 
are decidedly better than those of the average dairy barn. 
With a few exceptions the milk did not look dirty as it stood 
in the pail. 

The reason why the percentage of dirt in the covered pail 
was as large as was found can probably be explained by the 
fact that the amount of dirt falling from the cow is greatest 
directly over that side of the pail on which it is necessary to 
have the opening in the cover; so that the ratio of the amount 
of dirt falling on the opening in the cover to the total amount 
falling upon the pail was probably greater than the ratio of 
the opening in the covered pail to the exposed surface of the 
open pail. 


THE RELATION BETWEEN THE AMOUNT OF DIRT IN THE MILK 
AND THE KEEPING PROPERTY OF THE MILK. 


Tests were made of the keeping properties of the milk drawn 
into the two kinds of milking pail, both pails having been 
thoroughly sterilized by steam before the milking. Repre- 
sentative samples from each pail were placed in sterile vessels, 
and were kept under the same conditions of temperature, etc., 
until they had curdled, and the lengths of time until the curd- 
ling of the samples were compared. As soon as the first sample 
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had curdled, however, portions were drawn from both samples 
and the percentage of acid in them was determined by the use 
of Farrington’s alkaline tablet solution. ‘The results of these 
tests are given in the following table: 


TABLE 58. 


Time of curdling, and percentage of acid in both samples when 
the first one had curdled. 


| LENGTH OF TIME PERCENTAGE OF ACID 
| UNTIL CURDLED. IN MILK. 

| $$$ 

ieee = rene j= he ie 

DATE OF TEST. fens Qs 2) ea | Os gu 

| oS ae a ww | an d 

Wee ced ene ie o Chat aeh zy 

Be joee Pee eet ge |e 

fo) ? ee} O° hes ie 

5 HO iz E BO 5 

| Hours | Hours | Hours % % | % 
October 23, = : Py nas siamese S heiegy S02 ees eS .O1 
October 24, = S = -| 47 Dove sor .46 .65 =O) 
October 25, - - - Sey 185 74 II 352 .62 site! 
October 26, = : = Pas | 75 5 38 68 .30 
October 28, = = - So es Omn mena Olle nies 0) 68 BLOSEES WN 2 SOTO) 
October 29, - - = = |) 520°) 47 5 .50 OO alee NG) 
November 4, - = = = 68 | 65 3 BC Sree OStenn OS 
November 5, - s S Seco eerie Oman |uemetO Geena oe pene 
Average, - = = a BOL m5 2 7 sisal felt Eeekoy MA aie 


In the first test in the table both samples curdled in the 
same length of time, and the percentage of acid was practically 
the same in both. The same is true of the test on October 
28th. In all the other tests the sample from the covered pail 
curdled first, the average difference in time for the whole eight 
tests being seven hours. The percentage of acid in the samples 
from the covered pail was also greater in each case, except 
those already noted, than in those from the open pail, the 
average difference being .12 per cent. 

It has already been seen that in the average of fourteen tests 
the milk from the covered pail contained only about 37 per 
cent. as much dirt as that in the open pail. The figures above 
show that in the average of eight tests the milk from the 
covered pail curdled seven hours sooner and at the time of 
curdling contained .12 per cent. more acid than the milk from 
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the open pail. The following table summarizes the results of 
some tests in which the time of curdling and percentage of 
acid were observed in samples in which the quantity of dirt 
was also determined. 


TABLE 59. 


Comparison of quantities of dirt, time of curdling and percentage 
of acid in milk from open and covered pails. 


WEIGHT OF DIRT PER LITER o TIME UNTIL | PERCENTAGE OF . 
OF MILK. 'S CURDLED. | ACID IN MILK. 
é PI . Esress 
ees err | highs pee eethee |e | aan ceaed 
De Re: a S e oo | ea leet g | ee |e a 
o © o oy Hl eure || 200) os ON gies 2 
7) a i A.0 cola peat ON loony berms ibe es, 3) 
5 ge |e Se ere | ee) Bee 
° fc) = iS SIRS URS issu Span fate MSU RS! so 9 ec 
fs Yo A 7) BGO} aO!}/Q] aO ao] A 
q c Ay 7) no 1 we no | 
La] ~ 
Gram. Gram. Gram. % Hrs.| Hrs.|Hrs| % % % 
Oct, 235 0. L040) |(02.0225,4) OnOST5 4 78-40) 257) 255i 202 Osu or 
Nov. 4, 0.1350 | 0.0440 | 0.0910 | 67.4 | 68 | 65 | 3 | .58 | .63 | .05 
Nov. 5, 0.0600 | 0.0360 | 0.0240 | 40.0 | 87 | 80 | 7 | .56 | .68 12 
bb Bi ncn te NE —— || 
Avg., 0.0997 | 0.0342 | 0.0655 | 65.7 | 60 | 57 | 3] .59 65 | .06 
Q | 


From the table above it will be observed that while in the 
average of the three tests the milk from the covered pail con- 
tained only about 35 per cent. as much dirt as that from the 
open pail, the former curdled sooner than the latter, and at the 
time of curdling contained a higher percentage of acid than the 
milk not curdled. 

It would appear then that in these samples the milk which 
contained the least dirt kept the shortest time. 


THE RELATION BETWEEN THE AMOUNT OF DIRT IN THE MILK 
AND THE GERM CONTENT. 


In several of the samples in which the quantities of dirt 
were determined, tests were also made of the numbers of bac- 
teria in the fresh milk and in the same milk after being kept 
fifty hours at ordinary temperature. For this purpose plate 
cultures were made, as in the experiments described by Conn 
and Ksten on preceding pages, and on the plates the total 
number of bacteria per cubic centimeter as well as the number 
of acid and liquefying organisms were determined. The fol- 
lowing table gives the results of these determinations: 


Lies 
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The figures in the table above show that the total number of 
bacteria in the fresh milk from the covered pail averaged about 
71 per cent. of that in the milk from the open pail; the number 
of acid producing bacteria in the former averaged about 59 per 
cent. of that in the latter; the average number of liquefiers was 
nearly the same in the samples from the two kinds of milking 
pail. That is, about 29 per cent. of the total bacteria, and 
about 41 per cent. of the acid producing organisms, were kept 
out by the cover. 

The quantities of dirt contained in the samples included in 
the table above are given in Table 57 preceding. According 
to the figures there given, there was only about 41 per cent. 
as much dirt in the milk from the covered pail as in that from 
the open pail, on the days of the tests included in Table 60. 

A comparison of the quantities of dirt in the different sam- 
ples with the numbers of bacteria in the fresh milk would 
indicate that the latter are not in proportion to the former. 
Thus while there was, on the average, only about 41 per cent. 
as much dirt in the samples from the covered pail as in those 
from the open pail, the total number of bacteria in the former 
was 71 per cent. of that in the latter. This may be due to a 
difference in the character of the dirt in the different samples, 
being in the one case more soluble perhaps, and thus allowing 
a larger number of bacteria to become disseminated in the 
milk. 

In four of the tests the total numbers of bacteria in the 
samples that had been kept at ordinary temperature for fifty 
hours were considerably larger in the samples from the open 
pail than in those from the covered pail; in the third and sixth 
tests the numbers were very much larger in the milk from the 
covered pail, thus accounting for the larger average for the 
latter. 

In the first four tests the number of acid producing bacteria 
was decidedly larger at fifty hours in the samples from the 
open pail than in those from the covered pail. In the last 
three tests the organisms had increased so rapidly in both 
samples that the numbers could not be determined on the 
plates. 

It will be noticed that the number of bacteria in the fresh 
milk bears no relation to the number in the milk at a later 
period. Thus in the samples from the open pail on November 
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18 the total number in the fresh milk was 30,250, and in the 
same sample after fifty hours there were 248,750,000; while 
on November 21 the number in the fresh milk was 3,788, and 
in the same milk after fifty hours it was 1,258,000,000. Sim- 
ilarly in the samples from the covered pail, in the fresh milk 
on November 18 the total number of bacteria was 4,750, and 
on November 1g it was 13,400; but in the same samples after 
fifty hours the number in the former had increased to 1,121,- 
000,000, while in the latter it was only 15,916,000. Again, 
on November 18 the number of bacteria in the fresh milk from 
the open pail was over six times as large as that for the 
covered pail, but after fifty hours the number in the latter 
sample was nearly five times that in the former. 


THE RELATION OF THE GERM CONTENT TO THE KEEPING 
PROPERTIES OF THE MILK. 

In the samples of milk included in Table 60 above, tests 
were made of the percentage of acid in the milk that had been 
kept for fifty hours, and the length of time until the samples 
curdled was noted as closely as possible; in some cases the 
curdling occurred during the night, so that the exact time 
could not be ascertained. ‘The results of these observations 
are given in the table below. 


TABLE TOT 


Percentage of acid in milk kept for 50 hours, and length of time 
until curdling. 


PERCTG. OF ACID IN TIME UNTIL 


| MILK AT 50 Hours.* | CURDLED. 
dq. Ea a Rie as | a 
DATE OF TEST. £3 ie Ey 4 ir iS aa z 
Se | 23 5 oa | 30 | 5 
eajee| & | #2) Fe] s 
ao ao A | go aS ie) 

wn no | W no 
he ye % % | Hrs. | Hrs [Hrs 
November 15, = - E : Sale 2 tle GOne rte OG Og: a sory 26 
November 16, = - = = =hihe 42 .22 | —.07 | 52+ | 85 33 
November 18, - é = : - | .67 | .63 | —.04 | 54 | 54 Oo 
November 19, = - - - - | .56 |} .40 | —.16 | 56 60 4 
November 20, - - - - See aner Sale) Ooms 7 55 2 
November 21, : = - - =e 53 oc) 780 se 625-52 4ot | 12 
November 22, - - - - HE AS fualee On bites Oe |) 70 54 | 22 
Average, - - - - - | .44 | EG a7) 0) 62) ig 


* Samples were kept at constant temperature of 70°F. 
+} These samples curdled during the night. 
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In three of the samples the percentage of acid was somewhat 
smaller, and in four it was larger in the milk from the covered 
pail than in that from tHe open pail, the difference in the last 
two tests being quite decided. In the average of the seven 
tests it was about 16 per cent. larger for the covered pail. 

The number of hours until the milk curdled was greater for 
the sample from the covered pail in three tests, less in three 
other tests and the same in one test, the average difference be- - 
ing about three hours. 

A comparison of the results given in Tables 60 and 61 will 
give some indication of the relation of the germ content of the 
different samples of milk to their keeping properties. From 
Table 60 it may be seen that in the first test the number of 
bacteria in the sample from the covered pail was 15,250, while 
the number in the sample from the open pail was 11,525; and 
in Table 61 it will be observed that the latter curdled a whole 
day in advance of the former. In the third test the sample 
from the open pail, having 30,250 bacteria, remained uncurdled 
the same length of time as the sample from the covered pail, 
which contained but 4,750 bacteria. Again in the last test, 
where there was a relatively small difference between the num- 
bers of bacteria in the two samples, there was a difference of 
twenty-two hours in the time of curdling. It would seem then 
from the results of these tests that the number of germs present 
in the fresh milk is but little indication of the length of time 
the milk will keep before curdling; nor does the number of acid 
bacteria in the fresh milk serve as a much better indication of 
its keeping properties. 


THE EFFICIENCY OF THE COVERED PAIL AS COMPARED WITH 
STRAINING MILK FROM AN OPEN PAIL. 


A number of tests similar to those described above were made 
upon the efficiency of straining the milk immediately after it 
was drawn. As soon as one cow was milked into the open pail, 
the milk was stirred and a liter of it taken for a sample; then 
the rest of the milk was strained through two thicknesses of 
fine cheese cloth supported by a wire gauze (the same as that 
used on the covered pail) and a liter of the strained milk was 
taken out fora sample. The two samples were then tested for 
the amount of dirt contained, the number of bacteria in the 
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fresh milk and in the milk after standing for fifty hours at ordi- 
nary temperature, the percentage of acid in the milk after fifty 
hours, and the length of time until the milk curdled. The 
results of a series of these tests are given in the following tables. 


THE REMOVAL OF DIRT BY STRAINING. 


The quantities of dirt in the milk before and after it was 
strained are given in the following table. 


TABLE SO2) 


Quantities of dirt in milk before and after straining. 


WEIGHT OF DIRT PER LITER | dy BO 

OF MILK. Sits 

ee 

——— - — — uo 

ee Lo} : os 

su 0) 

DaTE OF TEST. Sa Ba gy cas 

{edit oal =o =I | ia 

Ya o Ay 7) irs 

n= ba H bbs 

5 Be Sree 

aS qd n om uo 

ey H fa) Ay & 

Ake a ee os anes ae | 
Gram. Gram. Gram. % 
November 23, - : - - = - | 0.0245 | 0.0020 | 0.0225 | 91.8 
November 25, - - = = = - | 0.0895 | 0.0470 | 0.0425 | 47.5 
November 26, - = = = : - | 0.0555 | 0.0495 | 0.0060 | 10.8 
November 27, - - = = - | 0.0515 | 0.0295 | 0.0220 | 42.7 
November 30, - - - = 2 - | 0.0725 | 0.0360 | 0.0365 | 50.3 
December 5, - : - = 2 - | 0.0710 | 0.0270 | 0.0440 | 61.9 
December 6, _ - - 2 = : - | 0.0505 | 0.0310 | 0.0195 | 38.6 
Average, - : Z = 5 - | 0.0593 | 0.0317 | 0.0276 | 46.6 
| 


The smallest difference between the quantities of dirt in the 
two samples was on November 26, when only about rr per 
cent. of the dirt was removed by the strainer; the largest dif- 
ference was on November 23, when about 92 per cent. was 
removed by straining. In the average of seven tests the amount 
of dirt strained out of the milk was about 47 per cent. of that 
in the milk not strained. 

The amount of dirt which could be removed by the strainer 
depended largely upon the nature of the dirt. ‘That in the 
sample of November 23, in which the percentage strained out 
was the largest, consisted mainly of hairs, skin scales from the 
teats and udder, particles of hay, chaff and other materials of 
a coarse, insoluble nature; there was but little manure or other 
soluble material in this sample, while on the other hand in the 
sample on November 26 where the percentage strained out was 
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the smallest the dirt contained a large proportion of manure 
which became more or less disintegrated and dissolved in the 
milk and could therefore pass through the strainer. 

According to the results given in Table 57 the amount of dirt 
in the milk from the covered pail was in the average of four- 
teen tests but 37 per cent. of that in the milk from the open 
pail. That is,-63 per cent. of the dirt that would fall into an 
open pail was kept out by the cover, whereas in the tests here 
described only 47 per cent. was removed by straining. 


NUMBER OF BACTERIA IN THE MILK. 


The total number of bacteria and the number of acid species 
and liquefiers in both samples of milk were determined in the 
fresh milk and again in several of the samples after they had 
been kept for fifty hours. The results of the tests are given in 
Table 63 above. 

In every test but one the total number of bacteria in the 
strained milk was smaller than that in the milk not strained, 
the average being about 11 per cent. less in the former. The 
numbers of acid producing bacteria and liquefiers were in some 
tests larger and in others smaller in the strained milk, the 
number of acid bacteria averaging about 17 per cent. less than 
in the milk not strained. In the milk after fifty hours the 
number of acid bacteria was very much larger in the strained 
milk. 

If Table 60 is compared with Table 63 to determine the 
relative value of the straining and the use of the covered pail, 
it will be seen that the covered pail appears to be somewhat 
superior. ‘The cover reduced the average number of bacteria 
from 9,500 to 6,700 per cubic centimeter in fresh milk, whereas 
the straining had considerable less influence, reducing it from 
I1,400 to 10,100 only, indicating that straining through cheese 
cloth after milking is not so efficient a means of preventing 
the entrance of bacteria as using the covered pail. 


THE KEEPING PROPERTIES OF THE MILE. 


After the milk had been kept for fifty hours at a temperature 
of 70° F. the percentage of acid was determined in both sam- 
ples; they were then allowed to stand until the milk had cur- 
dled, and the length of time noted. These results are given 
in the following table. 
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TABLE 64. 


Percentage of acid in milk after 50 hours, and length of time 
until curdling. 


| PERCTG. OF ACID IN |LENGTH OF TIME 


MILK AT 50 HOURS. | UNTIL CURDLED. 
heat | ee (oh 
tires . se] : 

DATE OF TEST. z As) g 2 | g 

S = v i Be ho 

cod 4 baal od nt = 

DB £ P= 7 £ is 

$ aR — ~ R — 

Z é. Z R 

Te % % Hrs.| Hrs.| Hrs 

November 23, - - - - =e Seill Qh sO alee ea fe) 
November 25, - - + - =| °.46.| 242°) 02 | 57.155 2 
November 26, - : : 2 os (e3 2K inteegoke peel eainee ete: fo) 
November 27, - - - - - * * * 65 | 65 to} 
November 30, - = - : oleae A 20 | —.02 76 | 66 fo) 
December 5, - - - - = leer 2a OS +.38 | 89 | 54 35 
December 6, E = = 2 - | .66 | .64 | —.o2 | 50 | 50 Oo 

Average, - - - - - | .46 | .54 | +.08 | 59 | 52 7 


* Test not made. 


In some tests the percentage of acid was slightly larger in 
the milk not strained; in others it was larger‘in the strained 
milk, in one test being decidedly larger, and averaging .o8 per 
cent. larger. ‘The length of time until curdling was the same 
for both samples in four tests, but was greater in three tests 
for the milk not strained, the average difference being seven 
hours. Likewise in the tests with the covered pail the milk » 
from the open pail curdled on the average seven hours later 
than the milk from the covered pail. 


SUMMARY. 


Two sets of tests were made. In the one case milk drawn into 
an open pail was compared with milk drawn into a pail with a 
cover devised for excluding dirt during milking. In the other 
case milk drawn into an open pail was compared with the same 
milk strained immediately after the milking. 

The amount of dirt in the milk from the covered pail was only 
37 per cent. of that in the open pail; while the amount of dirt in 
the strained milk was 54 per cent. of thatin the milk not strained. 
The differences in the two samples varied more widely in the lat- 
ter tests than in the former. In the straining the amount of dirt 
removed depended more largely upon the nature of the dirt. 
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In the fresh milk from the covered pail the total number of bac- 
teria was about 71 per cent., and the number of acid bacteria about 
59 per cent. of those in the fresh milk from the open pail. In the 
fresh strained milk the total number of bacteria was 89 per cent. 
and the number of actd bacteria 83 per cent. of those in the milk 
not strained, 

After the milk had stood for fifty hours at constant temperature 
of 70° F. the average for the total number of bacteria was larger 
in the milk from the covered pail than in that from the open pail, 
while the average for the acid producing species was larger in the 
latter than in the former. In the strained milk both the total 
number and the number of acid bacteria were larger than in the 
milk not strained. 

The milk from the covered pail curdled sooner than that from 
the open pail, the average difference being about seven hours; like- 
wrse the strained milk curdled sooner than the milk not strained, 
the average difference being also about seven hours. Thts fact, 
however, ts of but little moment since any of these samples had 
they been kept at the usual temperatures for handling milk would 
have remained sweet longer than milk ts usually kept. 

The results of these tests would seem to indicate that the covered 
pail ts more efficient for the production of pure milk than strain- 
ing milk drawn into an open pail. tis quite evident also that to 
keep the dirt out of the milk in the first place ts much better than 
straining tt out after the milking. A considerable portion of the 
dirt dissolves quickly in the warm milk and thus introduces a con- 
tamination that cannot be strained out. 

It has already been pointed out that these tests were made in a 
dairy where the conditions of cleanliness are good. The amount 
of filth such as dirt, hair, etc., that is frequently removed by a 
separator from milk of ordinary dairies as delivered in cities ts 
frequently appalling. Tt would be interesting to test the efficiency 
of the covered milk pail in dairies where the sanitary conditions 
are not so good as they were in these tests. 


122 STORRS AGRICULTURAL EXPERIMENT STATION. 


FIELD EXPERIMENTS WITH FERTILIZERS. 


BY CS sPHHEES: 


The field experiments conducted by the Station during 1901 
were in continuation of those of preceding years. It has been 
the policy of the Station to repeat these experiments for a 
number of years on the same sets of plots, making each year’s 
experiments as nearly as possible duplicates of those of the 
year preceding, in the belief that in this way the value of the 
results would be increased. ‘The experiments now in progress 
at the Station include the following: 


I. Special nitrogen experiments on corn, cow peas and soy 
beans, for the purpose of studying the effects of nitrogen in 
different quantities and combinations when used as a fertilizer 
upon the yields and the composition of the crop. 


2. <A soil test on the Station land, with a rotation of crops, 
for the purpose of studying the deficiencies of the soil and the 
demands of different crops for the various ingredients of fer- 
tilizers. 


3. An experiment on soil improvement, for the purpose of 
comparing the relative economy of (1) stable manure, (2) a 
‘“complete chemical fertilizer,’’ and (3) green manuring alone 
and in connection with mineral fertilizers, for improving a soil 
apparently deficient in organic matter and in nitrogen. 


Accounts of these experiments are given in the annual re- 
ports of the Station year by year, and from time to time the 
results of the experiments for a number of years are summar- 
ized and discussed in detail.** The present report gives a review 
of the work for 1901. ‘The special nitrogen experiments and 
the soil test are described in this article; the experiment on soil 
improvement in the article following. 


* See Storrs Experiment Station Reports, 1892, p. 67, 1898, p. 113 and 1889, p. 168. 
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SPECIAL NITROGEN EXPERIMENTS. 


The special nitrogen experiments on corn, cow peas and soy 
beans have been continued since 1895 on a set of plots that had 
been used for similar experiments, but with other crops, for a 
number of years before this series was begun. ‘The purpose of 
the experiments is to study the effects of nitrogenous fertilizers 
upon the yields of the different crops and the proportions of 
nitrogen in them. ‘The plan of the experiments, which has 
been described in detail in previous reports,* consists, briefly, 
in growing the several crops in a series of plots all of which, 
except two without fertilizer, are supplied with uniform quan- 
tities of mineral fertilizers, supplying phosphoric acid and 
potash in definite amounts, and with varying quantities of 
nitrogenous fertilizers supplying nitrogen in different amounts, 
and in comparing the weights and the composition of the crops 
from the different plots. The general methods of the experi- 
ment are illustrated and explained by the diagram and the dis- 
cussion following. 


The field used for the experiments was divided into ten long, 
rather narrow, parallel plots, which are indicated in the diagram 
by the numbers 0, 7, 8, etc., at each end of the plots. Those 
designated as o and oo have received no fertilizer for twelve 
years, while those designated as 6a and 60 have received each 
year during the same period only the fertilizers called for con- 
venience ‘‘ mixed minerals,’’ which consist of dissolved bone- 
black at the rate of 320 pounds per acre, equivalent to 53 
pounds of phosphoric acid, and muriate of potash 160 pounds 
per acre, equivalent to 82 pounds of potash. Plots 7, 8, and g 
have received in addition to the mixed minerals respectively 
160, 320 and 480 pounds of nitrate of soda per acre, equivalent 
to 25, 50 and 75 pounds of nitrogen, while the nitrogenous 
fertilizer added to the mixed minerals on plots ro, 11 and 12 
consist of 120, 240 and 360 pounds of sulphate of ammonia per 
acre, supplying 25, 50 and 75 pounds of nitrogen. 


) 


The land on which these plots are laid out has considerable 
slope, so that with heavy rains there is some washing of the 
surface soil. Although this washing runs mainly lengthwise 
of the plots, it doubtless interferes somewhat with the accuracy 


* See Reports for 1898 and 1899. 


NORTH. 
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Diagram illustrating the arrangement of the plots, the method of 
dividing the plots into sections, and the kind 
of crop planted on each section. 


The plots are indicated by numbers, the sections by letters. 
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of the results. Plans have already been made for experiments 
on a more nearly level piece of land, which is now being cropped 
without manure in order to prepare the soil for the purpose. 


Each of the larger plots contains one-eighth acre of land, and 
is sub-divided into six sections 1-50 acre each by paths crossing 
the lots from east to west, as indicated in the diagram. The 
sections on each plot are designated by the letters A-F shown 
at the sides of plots o and 64 in the diagram. It is generally 
understood that the effects of fertilizers on the yields of crops 
could probably be more accurately studied on the large plots 
than on the smaller sections, because in the former case the 
effects of irregularities of the soil upon the yield would be less 
marked. In these experiments, however, the effects of nitrogen 
of fertilizers upon the proportions of nitrogen compounds (pro- 
tein) in the crop is believed to be the more important question, 
and this can perhaps be studied as well upon the smaller sec- 
tions as upon the larger plots. The advantage gained in sub- 
dividing the plots into sections is in the opportunity to study 
several different crops at the same time under like conditions, 
thus giving the results from one set of experiments a wider 
application. 


The name of the crop grown on each section is shown in the 
diagram. ‘Two series of sections, A and F, were planted with 
the same variety of corn; two series, B and E, with soy beans, 
and two series, C and D, with cow peas. In recording the 
results with the cow peas and the soy beans the two series of 
sections for each crop were treated as if there was but one 
series; that is, the yields on corresponding sections of B and 
E, and of C and D, were added together and samples were 
taken from the combined crop. In the case of the corn, how- 
ever, the results have been kept separate, because lime was 
used on one of the two series of sections and not on the other, 
as will be explained later. 


Explanation of tables.—Two tables of data are given in con- 
nection with the discussion of the results for each crop. The 
first table in each case gives the weight and cost of fertilizers 
per acre, the weights of crop per section and the calculated 
weights per acre, and the increase in yield from the sections 
with fertilizers over the average of the yields from the sections 
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without fertilizer. In the case of the cow peas the yields per 
section are the weights of the green crop when harvested. 
The grain of the corn and the soy beans were dried in the 
barn and weighed when thought to be in good condition for 
grinding into meal. ‘The corn stover was field cured and then 
weighed, while the soy bean straw was discarded because most 
of the leaves had dropped off before the seed ripened, leaving 
only the bare stalks and the pods. 


The cost of the fertilizers per acre as given in the tables 
represents the cash market value of the various ingredients 
when sold in the form of raw materials, the cost of mixing, 
transportation and agents’ profits being left out of considera- 
tion. The costs are calculated from the weights of the in- 
gredients per acre, as used, and the value of the ingredients 
as adopted by the New England Experiment Stations. The 
valuations of the different ingredients used in the experiments 


of rg01 were as follows: 
Per Pound. 


Nitrogen in nitrate of soda, - - = - =D alae ctss 
Nitrogen in sulphate of ammonia, = = 2 = LOU pn me 
Organic nitrogen (in dried blood), - - - TOU Amies 
Phosphoric acid (soluble), - - - - - Sra * 
Potash in muriate of potash, - - - - Peer Sane 


The second table in each case gives the total yields of crop 
per acre, the percentages of water-free substance in the crop 
as weighed to obtain the yields, the percentages of protein 
(N. x 6.25) in the dry matter, and the estimated yields of dry 
matter and of protein per acre. The amounts of dry matter 
per acre are calculated by multiplying the total weights of crop 
per acre as harvested by the percentage of dry matter, and the 
amounts of protein per acre are calculated by multiplying the 
estimated weight of dry matter per acre in the crop from the 
various sections by the corresponding percentages of protein. 
The last two columns show the percentages of the yields of dry 
matter and of protein for each section when the yields from 
the sections of the mineral plots are taken as a basis (100). 


Chemical analyses.—The only chemical determinations made 
were those of moisture and total nitrogen. Water-free sub- 
stance was estimated by difference. The total protein was 
estimated from the total nitrogen by multiplying by the factor 
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‘6.25. This factor has been commonly used by chemists on the 
assumption that protein substances in general contain prac- 
tically 16 per cent. of nitrogen, although it is understood that 
the percentage of nitrogen varies and that not all the nitrogen 
present is in the form of true proteids. In these experiments 
no attempt has been made to separate the true proteids from 
the non-proteid compounds, nor has the possible presence of 
nitrates been taken into account in estimating yields of protein. 
The amount of non-proteid or non-albuminoid compounds is 
usually quite small in crops of this class, and the chemical 
methods in use for separating them from the true proteids are 
not satisfactory. ‘Tests for nitrates were made in connection 
with the analyses of the crops from the field and pot experi- 
ments in 1900, but only traces were found. It seems probable 
that in field experiments where only moderate quantities of 
nitrogenous fertilizers are used the presence of nitrates in the 
crop may be safely left out of account. For these reasons, 
and also because the use of the factor 6.25 is believed to be 
sufficiently accurate for practical purposes, protein has been 
estimated in this way, in order that the results of these experi- 
ments may be directly comparable with those reported in pre- 
vious years, in which the same factor was employed. 


HXPEHRIMENTS WITH CORN. 


As shown in the diagram on page 124, corn is grown on the 
two series of sections lettered A and F. The same kind of 
corn, a Rhode Island white cap, is grown on both series of 
sections. Seed is saved each year from each section for plant- 
ing on the same section the following year. ‘The original seed 
planted on series F was obtained at the beginning of the ex- 
periment in 1895, and that used on series A was obtained from 
the same farmer in 1898. 

Previous to 1898 both series of sections had been fertilized 
alike. It had been observed, however, that the corn did not 
seem to thrive as well on the plots supplied with sulphate of 
ammonia, where the largest quantities were used, as on those 
supplied with nitrate of soda, although the quantities of actual 
nitrogen correspond in the two series of plots. It was thought 
that the cause for the poorer growth on the sulphate plots 
might be possibly a deleterious acidity of the soil, resulting 
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perhaps from the acid residue left behind when the nitrogen . 
was taken from the sulphate of ammonia. It was also thought 
that such an acidity might be corrected by lime. In accord- 
ance with these hypotheses, 4o pounds of air slacked lime was 
applied in 1898 on each section in series A, but none on series 
F. The purpose of applying lime upon all the plots in the 
series was that the comparison might be made as usual between 
the yields from the different plots, and the purpose of applying 
lime to one series of sections and not to the other was that the 
effects of the lime might be observed in comparing the yields 
from the two series upon which the conditions were similar in all 
respects except for the application of the lime. A comparison 
of yields from the sections with the lime with those from the 
sections without lime is given beyond in the discussion of the 
yields of corn. 


TABLE 65. 


SPECIAL NITROGEN EXPERIMENTS ON WHITE FLINT CORN 
(SERIES A). 
Weight and cost of fertilizer per acre, total crop, and increase of 
crop over that of nothing plots. 


YIELD ESTIM’T’D 


| FERTILIZERS PER ACRE. PER SEC. YIELD SH 
“| | I- ae ACRE. PER ACRE.) ‘5 
ig : aRST OT Mee ar ean re Ey (Si re) 
aa ¢ 7 Bg 
i ete lele|olele 
7, | Kind. | -s g s B ‘S 5 = 
Bua ra nM Goapele nl Maar lace 
aq a ie) 
wn D 
Lbs $ Lbs.| Lbs.| Bu. | Lbs.| Bu 
o Nothing, - = : E - |— — 00.5 I1.5|00.4| 575| — 
§ Mixed Minerals, as No. 6a, - |480) | 
7 ( Nitrate of Soda (25 ibs. N.), - |160§ 9-64)/13.0/44.5/11.6/2225| 6.7 
g, } Mixed Minerals, as No. 6a, - 480? ie js Ane 
“| 7 Nitrate of Soda (50 Ibs. N.), - /320 ( [13 14/33-9/51-9 29.5/2550)24 
§ Mixed Minerals, as No. 6a, - |480) EAE | 8 lied 
"| 1 Nitrate of Soda (75 Ibs. N.), - [480 § Me | 45% O14 10 AO. 22500 isos 
a | { Dis. Bone-black, { Mixed }? - {320 i 6 =e 
| ( Mur. of Potash, ? Minerals, { - /160 § feo pes [cree peak ea GS 
| { Mixed Minerals, as No. 6a, - |480 al . 
7) Sulph. of Am. (25 Ibs. N.), =i 20 P0222 01508 26-G)ze5o eo 
| { Mixed Minerals, as No. 6a, - |480) 66 6 
| USulph. of Am. (solbs. N.), = |2go f |'4-39}50-0100.0/44.0/3300/39.7 
ig fate Minerals, as No. 6a, - (480) 18 so 8 6 
Sulph. of Am. (75 lbs. N.), - |360 § SSAA Cae Pla me eae 
00 Nothing, - - = = - |= I0.5]15.0|} 9.4 750 _ 
62) Mixed Minerals, as No. 6a, - |480 Gerla s 49.0 25.9 2450/21. fe) 


FIELD EXPERIMENTS WITH FERTILIZERS. 129 


TABLE 66. 


SPECIAL NITROGEN EXPERIMENTS ON WHITE FLINT CORN 
(SERIES F). 


Weight and cost of fertilizers per acre, total crop, and increase of 
crop over that of nothing plots. 


YIELD |ESTIM’T’D| 
FERTILIZERS PER ACRE. | PER SEC.| YIELD | 08 
; I-50 ACRE.|PERACRE.) -x 
3 maa: 
= | | i | yg 
: Eee eee lense iige pee, 
5 Kind. A | 8 z 5 z E eS 
B a | 
| Lbs. | g Lbs.| Lbs.| Bu. | Lbs.| Bu. 
0| Nothing, - - -|— | — | 2.0|13.0 1.8} 650| — 
§ Mixed Minerals, as SNo: ten, = - 480) | 
{ Nitrate of Soda ‘(25 lbs. N.), - |160 § | 9.64/10.0)34.5 89/1725 ce 
{ Mixed Minerals, as No. 6a, - - |480) 
) Nitrate of Soda (50 Ibs. N.), D |3g0 ( [13° 24)27-0137 25|24-2)1875|19.6 
Mixed Minerals, as No. 6a, - - 480 | | es 
1 Nitrate of Soda (75 Ibs. N. ye - |480 § nosed 40-a/8e-5 35.7/1775)31. 2 
Dis. Bone-black, Mixed ) 320 } | | 
pe Mur. of Potash, "| Minerals, § ~ |160§ Coe aaa 7-0 Wese hee or 
Mixed Minerals, as No. 6a, - - |480 ) | | | | 
10 Sulph. of Am. (25 Ibs. N.), - _ |r20 § O27 )3220 50.0 appease 
Mixed Minerals, as No. 6a, - - 480 | 2 | 
u Sulph. of Am. (50 lbs. N.), - - |240 § 14-39 AONO4 S29 Sealers lite 
{ Mixed Minerals, as No. a = - |480 | a | | 
12 | Sulph, of Am. (75 ipsa N fees 3 "360 |18.52/22.0/21.5 he 
00) Nothing, - - = | — = | 8.0)L7.0) Jel) 850) — 
65| Mixed Minerals, as se: Tae -  - 1480 | 6.14/15.0]40.0/13.4|2000| 8.9 


THE AMOUNTS OF NITROGEN IN THE FERTILIZER AND THE 
TOTAL YIELDS OF CROP. 


Tables 65 and 66 give the weight and cost of fertilizer per 
acre as used on the different plots, the yields of corn and stover 
per section and the calculated yields per acre, and the increase 
in yield of grain on the fertilized sections over the average of the 
yields on the two sections without fertilizer. Table 65 gives 
the results from sections of series A, and Table 66 those from 
sections of series F. The yields per section there given are the 
weights of the crops as determined; the yields per acre are cal- 
culated from these and the size of the sections. The last col- 
umn of the table shows the effects of the different fertilizers on 
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the yields of grain by the increase of the yield per acre obtained 
on the fertilized sections over the average of the yield from the 
sections of the two plots not fertilized. 


The yields on the sections of plots o and oo were of course 
very light, as these plots have had no fertilizer for the past 
twelve years. ‘The yields on the sections of plot o were espe- 
cially light, practically no ears developing; this was probably 
due in part to the fact that the soil on this plot had washed 
considerably as a result of severe rains during the previous 
winter. A similar condition seems to have affected the yields 
on plot 7, next to plot o. The ground was more sloping on 
these plots than on most of the others. 


The yields obtained on the sections of plots 6a and 64, sup- 
plied with mineral fertilizer (phosphoric acid and potash), were 
considerably better than those obtained where no fertilizer was 
used. ‘These plots have not been supplied with nitrogen in the 
fertilizer since the field was first laid out for experiments in 
1890. The lack of available nitrogen in the soil caused a pale 
yellow color in the crop during the season of growth, and re- 
sulted in a small yield of ears. ‘The growth of stover does not 
seem to have been much less on these sections than on those 
where nitrogen was used; but while the yields of stover aver- 
aged as much as on several of the plots supplied with nitrogen 
in addition to the minerals, the yields of grain were very much 
less than on most of the plots having nitrogen. 


The plots supplied with nitrogen were in two groups of three 
plots each, the successive plots in each group receiving respect- 
ively 25, 50 and 75 pounds of nitrogen per acre, in addition to 
the mineral fertilizers which were uniform for all fertilized 
plots. In one group—plots 7, 8 and 9—the nitrogen was sup- 
plied in nitrate of soda, and in the other group—plots Io, 11 
and 12—in sulphate of ammonia. On both series, A and F, 
the yields on the sections of plot 7, where the smallest rations 
of nitrate of soda were used, were quite light, being very much 
less than on the corresponding sections of plot 10 where the 
same quantity of nitrogen was used in the form of sulphate of 
ammonia. ‘This is perhaps due in part to the fact that the soil 
on plot 7 was washed, as was pointed out above. On the sec- 
tions of plots 8 and 11, where 50 pounds of nitrogen per acre 
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was used, there was quite a marked increase in the yields, 
whether the nitrogen was supplied in nitrate of soda or in sul- 
phate of ammonia. As in the case of plots 7 and ro, however, 
the largest yield was again from the sections with the sulphate 
of ammonia; this unusual condition may possibly be due to the 
wetness of the season, resulting in a greater leaching and loss 
of the nitrate than of the sulphate. On the sections of plots 9 
and 12, where the largest rations of nitrogen were used, the 
yields of grain were, with one exception, the largest of those 
on any of the sections. The gradual increase in yields corre- 
sponding to the amounts of nitrogen used points out the import- 
ance of this element in the growth of corn. It is of interest to 
note, however, that the yields were everywhere less than on 
the corresponding sections in 1900. ‘This was probably due to 
the character of the season in 1901, the exceptionally heavy 
rains which characterized it probably favoring the leaching out 
of the more soluble fertilizing ingredients, especially the nitro- 
gen, while in 1900 the season was drier and the storms were 
not generally characterized by heavy rainfalls. However, the 
yields obtained in the experiments of the later years are in 
general smaller than those of earlier years. This difference 
may be due in part to the absence of organic matter in the soil 
which when present would tend to retain the nitrogen until 
the crop could use it. This lack of organic matter is suggested 
by the fact that for twelve years the soil has been supplied 
with chemical fertilizer only, and as very little organic matter 
was supplied the amount previously in the soil has probably 
been gradually reduced as the period of the experiment was 
extended. 


Comparison of yields from sections with and without lime.— 
From the results in Table 66 it will be observed that while the 
yields from sections F of plots 10 and 11, with the small and 
medium amounts of nitrogen in sulphate of ammonia, were 
considerably greater than those from the corresponding sec- 
tions of plots 7 and 8 with the same quantities of nitrogen in 
nitrate of soda, the yield from section F of plot 12 with the 
large amount of nitrogen in sulphate of ammonia was con- 
siderably less than that from section F of plot 9 with the same 
amount of nitrogen in nitrate of soda. Inasmuch as the two 
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groups of plots thus compared are fertilized exactly alike, ex- 
cept that the source of nitrogen in one case is nitrate of soda 
and in the other sulphate of ammonia, the yields from the 
corresponding plots of the groups might be expected to cor- 
respond somewhat more closely than is here indicated, provided 
the fertilizers used had like beneficial action on the growth of 
the crops. It has already been explained that the differences 
in the experiment of 1901 between the yields from plots 7 and 
8 and those from plots 1o and 11 are very unusual, and are 
probably due to the character of the season. The discrepancies 
pointed out between the yields from plots 9 and 12 are quite 
usual, however, from which it would seem that the hypothesis 
on a preceding page that a deleterious acidity of the soil re- 
sulted from the use of large amounts of sulphate of ammonia 
would seem to be reasonable. The effect of the application of 
lime for the correction of this acidity of the soil may be seen 
by comparing the results tabulated below. 


TABLE 67. 


Comparison of ytelds of corn and stover from sections with and 
without lime. 


YIELDS PER ACRE. 


= SERIES F. | SERIES A. 

Fae Rie = decease LIME. | WITH LIME. 

s z a oat idl zy | | c 

U5 8 Powertip stay bee 

pie) a ms 2) e 
. { 7 8.9 17.25 des ane 2225 
Nitrate of Soda group, - - - |< 8 24.1 1875 29.5 | 2550 
9 35.7 1775 40.2 | 2400 
) 10 28.6 2500 28.6 | 2850 
Sulphate of Ammonia group, - |~ II No) 2275 44.6 | 3300 
| 12 21.4 1075 | 48.2 3000 


From the results summarized in the table above it will be 
seen that while the yield from section of plot 12 with the 
largest quantity of nitrogen in sulphate of ammonia was smaller 
than that from plot 9 with the same quantity of nitrogen in 
nitrate of soda, the yield from section A of plot 12, upon which 
the lime was applied, was larger than that from the corre- 
sponding section of plot 9, also with the lime. ‘This would 
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seem to indicate that the application of the lime to the soil 
with the large quantity of the sulphate was beneficial. It will 
be noticed, however, that in all cases except one the yields 
were greater on the sections of series A than on corresponding 
sections of series F, which would suggest that the lime had 
some direct beneficial effect upon the fertility of the soil, in 
addition to its action in neutralizing acidity; for on the nitrate 
of soda plots the residue from the nitrate in accumulating 
would tend to cause an alkaline rather than an acid condition 
of the soil. 


The results seem to favor the hypothesis that a soil may 
become injuriously acid by the continued use year after year 
of large quantities of sulphate of ammonia, and that lime may 
be employed to correct the acidity. They also seem to indi- 
cate that lime may often prove beneficial in other ways than in 
the correction of acidity of the soil, especially where commer- 
cial fertilizers have been used for a long time without stable 
manure or organic material. 


The amounts of nitrogen in the fertilizer and the proportions 
of protein tn the crop.—The results given in Tables 68 and 69 
show the effects of the fertilizer on the yields of dry substance 
of the crop, and on the proportions and yield of protein. They 
are intended to show particularly the effects of the nitrogen in 
the fertilizer on the yields of protein and its influence on the 
feeding value of the crop. The data included in the tables are 
the yields of crop per acre as harvested, the percentages of dry 
matter and of protein, and the calculated yields of dry matter 
and of protein per acre. In the last two columns of the table 
the yields of dry matter and of protein per acre from the plots 
where the different amounts of nitrogen were used in addition to 
the minerals are given in percentages of the average of yields 
from the two plots where only mineral fertilizers were used. 
This gives an opportunity to observe the effect of nitrogen on 
the total yields of protein. 


In discussing the results it has seemed best to omit the con- 
sideration of plots where no fertilizers were used, as the results 
are probably abnormal. The percentages of nitrogen in the 
crops grown without fertilizer were in some cases greater than 
where fertilizers were used. ‘This seems to have been due to 

10 
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TABLE 68. 
SPECIAL NITROGEN EXPERIMENTS ON WHITE FLINT CORN 
(SERIES A). | 
Percentages and pounds per acre of dry matter and of protein in the 


grain and stover, 


FERTILIZERS PER ACRE. 
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| |Total, | 600) — | 424.4) — | 35.7) 18.4) 
7-3| 


| 
Grain, 650/82.8) 538 .2| 


a not 
nO Oo 
Da Ow 


NAN sae <5 g.1 i 
Mixed Min’s, as No. 6a, ae Stover, |2225|56.2|1250.5| 5.3| 60.3| 91.8] 9 


ixed Min's, as No. 6a, 480 | 9 
Nit of Soda (25 tbs. N-)260 | Vrowal, fae7e| — |1788.7| — (128.9) 77.7] 82.7 
| | 
| Se ts NI | Grain, |1650)80.1|1321. 7| 10.2|134.8/140.6)191.5 
3| § TT ey s, acce 480 | Stover, |2550/64.4 1642. 2 6.1) L100, 2 120. 6/145 .0 
{ Nit. of Soda (s0 lbs. N-)/320 | /otai,’ |4800) — [2969-8] — J298.0|102.7|168.5 
| ; ah ; | iGrain, |2250/81. 8 1840. 5 10.2/187.7)195.8|266.6 
9) ae rv eae 480 | |Stover, |2400|71. 3\1711.2| 6.1|104.4)/125.6)151.1 
| U Nit. of Soda (75 Ibs. N.),/480 | /rotat,” J4660| — (9861.7| — |202.1/154.9/200.4 
; ; 36 IGrain, | 8s0\82.6| 7o2.1| 8.3| 44.3] * = 
6a § Dis. Bn-bl’k, ete 320 ) | Stover, T57.5100 12) 903%) 5. 2\5Onu) as %e 
( Mur. of Rot { Mn’ ls, 160 Total, 2495 pe 1866.0 aes | 94.4 % *% 


8.2|107.5/139.4|152. 
5.6) 80.1|/104.9/1I5. 
— (187.6 119.1194. 


4 
7] 
if 
2 5/10. 1/221 .4|233.3/314. 
\I .7| 6.5|122.1/137.8|176. 
4070.2) — 343.5/176.8 246. 
5 
2 
7 
5 
fo) 


Grain, |1600/81.9 1310.4 

{ Mixed Min’s, as No. 6a, |480 o | : 53 

ae Beau of Am, (25 lbs. val 120 | Stover) /2850150.2)0430- 
1° 31 


‘Total, \4450) — 2741. 


Mixed Min’s, as No. 6a, 1480 


Ke ieee 2500/87. 
© (Su ul. of Am. (50 Ibs. N.), ese 5 


Stover, |3300 


Total, |5800 


om COn~inm OnO~! 


r Mixed Min’s, as No. 6a, l480 Grain, 2700 3 199 .6|228 4/283. 


79-5 

Stover, |3600/65.7/2365. |T49.0|173.6/215.6 
| { Sul. of Am. (75 Ibs. N.), 360] “Total,” 16300) 348.6 196.0 249.9 
| ( Grain, | 525|84.1| 441.5 10.0, 44.2] 47.0| 62.8 
oo} Nothing, - = - | —4 |Stover, | 750/76.8| 576.0] 9.4] 54.1] 42.3] 78.4 
| ( Total,” 1275) — 1017-5] — | 98.3] 44.3) 70.5 

( Grain, |1450/81.2|1177.4| 8.2| 96.5] * | * 

64 Mixed Min’s, as No. 6a, ie Total, “3800 cc) 0 2 ees : | s 

Potal — = ; aaa 


| 


* The average of the yields on plots 6a and 60 is here taken as 100 for comparison. 
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TABLE 69. 


SPECIAL NITROGEN EXPERIMENTS ON WHITE FLINT CORN 
(SERIES F). 


Percentages and pounds per acre of dry matter and of protein in the 


grain and stover. 


No. of plot. 


6 


R 


10 


II 


I2 


0O 


64 


FERTILIZERS PER ACRE. 


ot eieae 
: D een b 
Q co) | DS HUY Huw 
° Fs u tie 8 ans eae 
5 lag ¥ aero nent ese ees 
te 33) | ah Hasp ga 

. i a) 15, las} | ma YO Vw. A 

Wee es cay E do eer: 

= u A 

Kind. aad le} xo p ug: : 
o ee op is Sal i q 

| B a a a ay ie 

o uU Ay ‘Sihssy Pers 

mu z AS ° 

4 Ay 

Lbs. Lbs.| % | Lbs. | %.| Lbs. | % % 


( Grain, | 100/86.1) 86.1/9.5) 8.2) 15.0) 15.7 

Nothing, - - - | —4 | Stover,} 650/68.6] 445.9/6.1) 27.2) 37.1) 45.3 

(| Total”) 750, — | 682.0 — 36.4 30.0, 31.5 

‘ aes Grain, | 500/85.1| 425.5/9.5| 40.4] 74.2] 77.2 

ee aap Onan Bes Stover, |1725/63.8/1100.6|4.6) 50.6] 91.5] 84.2 

NE TOE GANS OSS? /200 (Totaly 19226] —'/1526.1)/— | 91:0) 861.0) 81-0 

Grain, |1350/83.8/1131.3/9.5 107.5|197.3|205.5 

ve en < Nail 480 ) | Stover, |1875/76.1 oe 4.6) 65.6|118.7|109.2 

Te ia ooo te 52° (|) Total, |8225| — 2558.2) — 173.1)144.1154.1 

: aap | Grain, |2000|83.9 1678. 09. 8/164. 4/292. 7/314.3 

\ ae ee ¢ ce ae Stover, |11775|74.7/1325. 95. 6 74.3/110.3|123.6 

EDEN OE OG NTS 8452 (| Total, |8775| — [8003.9] — |288.7/169.2/212.6 
‘ , aa | | Grain, | 625/82.4 515.09.5 48.9) * 5 
Me Bn-bl’k, | Mixed 320 | Stover, |1850|65.0'1202.5|5.0  60.1| * % 
Mur. of Pot. J Min ls, q /160 ) Total, 9475 av (1717.5) ss 109.0 % x“ 

at Foe | Grain, |1600/82.5/1320.0/9.2 121.4|230.2/232.1 

eras: es De eee Stover, |2500/64.9 1622.5/4.8 77.9|134.9/129.6 

: Dh as aL Total, 4100) — 2942.5 — 199.3165.8177.5 

; Peer ' Grain, |2000/80. 7 1614. 0|9.2) 77.9/281.5|148.9 

nee fae (. ey sae Stover, |2275|62.31417.3/6.8 96.4/117.8|160.4 

ate 0% se} alee Total, 4275} — 8031.3| — 174.3/170.8155.2 

ae Min’s, as No. 6a,|480 | Grain, |1100|81.8) 899.8|9.9| 89.1|155.2|170.4 


1 
Stover, |1075|73.7| 792.3|9-3 73-7) 65.9| 


5 | 9) 
Sul. of Am. (75 Ibs. N.), 360} | Potai,”|9175) — 1692. i 16218 98.3 145.0 
7 


( Grain, | 400/85.6| 342.4/8.8 30.1) 59. 
Nothing, - —  - - — + | Stover, | 850)71.4 606.9/8.3) 50.4) 50.5) 83.9 
U! Total,’ 1980, — | 94913, 80.5| 63.5) 71.7 


| Grain, | 750|84.2| 631.5/8.8) 55.6 * | * 
480 


Mixed Min’s, as No. 6a, Stover, |2000 60.1/1202.0/5.0 60.1; * 


| Total, |2750, — /1833.5 — 115.7, * | * 


* The average of the yields on plots 6a and 60 is here taken as too for comparison. 
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the fact that the crop on these plots never reached full maturity, 
owing toa lack of available plant food. Under such conditions 
the percentages of nitrogen are usually higher. ‘This has been 
explained in previous reports* and need not be enlarged upon 
here. 

With one exception the percentages of protein in the crops 
from the sections of the mineral plots were lower than in the 
crops from sections of the plots supplied with nitrogen. For 
this reason, and because the yields of crop were small, the 
total yields of protein on the sections supplied with only min- 
eral fertilizers were light. The averages of the yields of dry 
matter and of protein obtained on these sections are used as a 
basis in discussing the yields on plots supplied with nitrogen. 

It will be noticed that in the majority of cases the percent- 
ages of protein in the crop on sections supplied with nitrogen 
were higher than in the crop from areas where the minerals 
only were applied; the percentages of protein, however, in 
many cases did not correspond with the quantities of nitrogen 
used as fertilizer; in other words, there was not a regular in- 
crease in protein as the nitrogen was increased. ‘The irregu- 
larities in this respect were much more noticeable than in some 
seasons in the past. For example, in the experiment on this 
field in 1900 the percentages of protein were increased corres- 
pondingly with the amounts of nitrogen used as fertilizer in 
every case except where the largest amounts of nitrogen in the 
form of sulphate of ammonia were used, and the irregularity in 
this case might perhaps be accounted for by abnormal condi- 
tions caused by an acidity of the soil. The irregularity in the 
percentages and yields of protein in the experiments of 1901 
may have been caused by the unusually wet season. ‘This con- 
dition was pointed out in the case of the yields of the crop, and 
it seems reasonable to assume that the percentages of protein 
might have been affected by the same condition. 

By examining the relative yields in the last two columns in 
Tables 68 and 69 it will be noticed that in many cases on the 
sections supplied with nitrogen the yields of protein increased 
more rapidly than the yields of the dry matter. This points 
to the conclusion that the nitrogen in the fertilizer tends to 


* See discussion of the results of analysis of ‘‘ good ’’ and ‘‘ poor’’ corn, page 28, 
Report of this Station for 1890. 
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increase the proportion of protein relatively more than it does 
the yields of dry matter. The comparative yields show, too, 
the great advantage in using nitrogenous fertilizers for the 
purpose of increasing the feeding value of the crop. By their 
use both the yields of total crop and the proportions of nitrogen 
and of protein in the crop are increased. 


« EXPERIMENTS WITH COW PEAS. 


By reference to the diagram on page 124 it may be seen that 
the two series of sections adjoining each other and designated 
as C and D were used for the experiments with cow peas. The 
results obtained on the corresponding sections have been com- 
bined and the data reported as if obtained from sections one 
twenty-fifth acre each. The Whippoorwill variety of cow peas 
was grown. As most varieties of this crop do not mature seed 
in this climate, new seed must be obtained each year from fur- 
ther south. The crop is harvested before or near the time of 
blossoming, and is used for fodder. 

The amounts and cost of fertilizers per acre, the yields of 
crop per section as harvested and the calculated yields per acre, 
and the increase in yield on the fertilized plots over the average 
of the yields from the two plots where no fertilizer was used, 
are given in Table 70. ‘The percentages and amounts of dry 
matter in the crop as harvested, and the percentages and 
amounts of protein in the dry matter, which are usually re- 
ported, are here omitted. Samples for analysis were taken as 
usual when the crop of 1901 was harvested, but because the 
heater for operating the large drier was not in order the sam- 
ples could not be dried by heating; instead of this they were 
spread out thinly in a large room, but owing to continued wet 
weather they moulded seriously before they dried, so that it 
was deemed best not to analyse them. 


The amounts of nitrogen in the fertilizer and the total ytelds 
of the crop.—From the results given in Table 70 it will be seen 
that the yields per acre as calculated from the data for the dif- 
ferent sections are very irregular. On the whole, however, 
the indication is that the nitrogenous fertilizer had very little 
effect on the yields. The best yield of any section was obtained 
from one of the plots (64) supplied with mineral fertilizers 
only, while the yield on the other mineral plot (6a) was equal 
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to the average of the yields on all the plots supplied with ni- 
trogen in addition to the mineral fertilizers. The results this 
year, as in the past, point to the small value of nitrogen for 
this crop. In nearly all cases during an experience of twelve 
years in growing cow peas there has been but very little in- 
crease from the use of nitrogen when the mineral fertilizers 
were liberally supplied. The plowing under of cow peas for 
increasing thé nitrogen in the soil is one very important use 
for the crop, but it should be remembered that on worn out 
soils liberal quantities of phosphates and potash should be used 
as fertilizer if a fair crop is to be obtained for this purpose. 


TABLE 70. 


SPECIAL NITROGEN EXPERIMENTS ON COW PEA FODDER. 


Weight and cost of fertilizers per acre, total crop, and increase of 
crop over that of nothing plots. 


FERTILIZERS PER ACRE. 5 rg Sy 
43 — = SAN U wp. te 
Z ge] Bee | 
ie) Jun ie 
. trie allGoehee! Coa 
6 | Kind. 2 eu Bug ap 
‘: elie ec) aaa 
& a 5 
Lbs. $ ‘Lbs| Lbs. |Tons} Lbs. 
° Nothing, - - = = - -| — — 400)10000) 5.0} — 
{ Mixed Minerals, as No. 6a, = - 1480} | 
7| jc Nitrate efeSoda Gellhe NYS is, = MeGM Se ie eho lec 
§ Mixed Minerals, as No. 6a, - - |480) | 
: Nitrate of Soda (50 Ibs. N.), = - |320) 13.14|780|19500] 9.8/11562 
§ Mixed Minerals, as No. 6a = - |480 ) | 
Ol) Natrate af SodalGn Ibs, No ot me age) year 25 00)TO 8153522 
| ( Dis. Bone-black, Mixed 320 | | | 
Pe i Mur. of Potash, elas Fp cul teass, 6.4 Bite) 20250 1 ore 
{ Mixed Minerals, as No. 6a, : - |480) | 
10 ) Suiph. of Am. (25 Ibs. N.), : . |120 § 10.27/840 20600/20-5 13062 
{ Mixed Minerals, as No, 6a, - |480 ) | | 
At) cutph ot Am, (so lbeey a (ieee Meulegat ane 19125) 9.6/11187 
_§ Mixed Minerals, as No. 6a, - - |480 ) | 
all ( Sulph. of Am. (75 Ibs. N.), - - 1360 § £8.52) 780 19500) 9-8) 11562 
oo Nothing, - = = = - -{| — — |235| 5875] 2.9) — 
64 Mixed Minerals, as No. 6a, - - |480 6.14/870)21750)10.9/13812 


EXPERIMENTS WITH SOY BEANS. 


The two series of sections designated as B and E in the dia- 
gram on page 124 were planted with soy beans. The results 
on the two series of sections have been combined, and are 
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reported as if obtained from sections one twenty-fifth acre each. 
The early white variety of soy beans has been regularly grown 
in this experiment since 1895. Only the seed has been taken into 
account in discussing the results with this crop, as most of the 
leaves drop off before the seed matures, leaving only the coarse 
stems as straw. 

The amounts and cost of the fertilizer per acre, the yields of 
seed per section and the estimated yields per acre are shown in 
Table 71. The percentages and amounts of protein in the dry 
matter are shown in Table 72. 


The amounts of the fertilizer and the total yields of the crop.— 
The results given in Table 71 indicate the effects of the nitro- 
gen of the fertilizer on the yields of seed. The smallest yields 
were of course obtained on the sections without fertilizers. The 
yields on the sections supplied with mineral fertilizers were 


TABLE. 71. 
SPECIAL NITROGEN EXPERIMENTS ON SOY BEAN SEED. 


Weight and cost of fertilizers per acre, total crop, and increase of 
crop over that of the nothing plots. 


FERTILIZERS PER ACRE. la cs) a 
3 so) & a 
owU } a 
a a5| 3h | 8g 
ey = , He Us Ko 
6 mm | @ jae? sy | oa 
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ean Gp Soda) (a lbes Neyer; aie dasa | (20; C4145: O/NE25)/18:8).0-.0 
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ue ae Of Ami(oeilbs. N.). 2). 20.p 2. ta0f4t0- 22105. |, 950)5-8) 9.9 
Mixed Minerals, as No. 6a, e - 1480 } | | 
i Sulph. of Am. (50 Ibs. N.), - 3 - |240 14.39 35.0 875|14.6| 5.7 
Mixed Minerals, as No. 6a, : - 1480 
E eaeg of Am. (75 lbs. N.),-  - — - |360 Ise se UO ere Raa 
00; Nothing, - = = - = -| — F925) 488) (Sie r) — 
64| Mixed Minerals, as No. 6a, = - 480 | 6.14/35.0 875 14.6 Baeaf, 
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quite light but were much larger than where no fertilizers 
were used. On the whole the yields were very irregular, a 
condition that has been pointed out in the discussion of the re- 
sults obtained with other crops, and which was probably due 
to the wet season. ‘The series of sections supplied with nitrate 
of soda (plots 7, 8 and 9) gave considerably larger yields than 
were obtained on the sections supplied with mineral fertilizers 
only; there was no relation, however, between yields obtained 
and amounts of nitrogen supplied. It is of interest to note that 
the increase of yields resulting from the use of sulphate of 
ammonia was sminaller than that from nitrate of soda, and that 
the yields decreased in quantity with the increase of sulphate 
used. ‘This condition was not noticed in the experiment of 
1900, but it may perhaps be due this year to an increasing 
acidity of the soil (as pointed out in the the corn experiments ) 
resulting from the residue of acid left in the soil where large 
quantities of sulphate of ammonia were used. ai 


The amounts of nitrogen in the fertilizer and the total yields of 
the crop.—The effects of the nitrogen in the fertilizer on the 
percentages and yields of dry matter and of protein are indi- 
cated by the results in Table 72. As was the case in the corn 
experiments, the highest percentages of protein in the soy 
beans are from the crops on the section without fertilizers. 
This is probably due to the presence of a considerable propor- 
tion of immature or partially developed seed. The percentages 
of protein in the crop from the section supplied with only min- 
eral fertilizer were lower than in the crop where nitrogen sup- 
plied in the form of nitrate of soda was used. This would 
seem to indicate that the nitrogen influenced in some degree 
the composition of the crop as regards protein. Where the 
sulphate of ammonia was used as fertilizer, however, the per- 
centages were lower than on one of the mineral plots, and in 
some cases nearly as low as on the other. As was pointed out 
in the case of the yields of crop, the nitrogen from sulphate of 
ammonia seemed to have little effect on the composition of the 
crop. In fact the percentages of protein, like the yields of crop, 
are in inverse order to the amounts of sulphate of ammonia 
used. ‘The relative effects of nitrogen on the yields per acre 
of dry matter and of protein may be seen by referring to the 
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last two columns of Table 72. The small benefit derived from 
nitrogenous fertilizers is in striking contrast to the results ob- 
tained with corn, as may be seen by comparing these figures 
with those in corresponding columns of Table 68. 


TABLE 72. 
SPECIAL NITROGEN EXPERIMENTS ON SOY BEAN SEED. 
Percentages and pounds per acre of dry matter and of protein. 


Per cent. of 


FERTILIZERS PER ACRE. 2 « 5 
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800|90.3| 722.4/41.6/300.5| * 


Mixed Min’ls, as No. 6a, 480 } 8 ; 
Sul. of Am. (so Ibs. N.), 240 § | °75|97-9) 
Mixed Min’ls, as No. 6a, 480 ll 
Gall eras (75 Ibs. N.), 360 5 775|99-5| 70% .4|39.6/277. 
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* The average of the yields on plots 6a and 60 is here taken as roo for comparison. 
SOIL TEST WITH SOY BEANS. 


The soil test of rgor is the twelfth in a series that was begun 
in 1890 and has been continued year by year upon the same 
plots, but with a four year rotation of crops, namely, corn, 
potatoes, oats and either cow peas or soy beans. The purpose 
of the experiment is to study the deficiencies of the soil and the 
demands of different crops for the different ingredients of fer- 
tilizers. The general plan consists in dividing a field into 
parallel plots, applying on the different plots fertilizers which 
will supply nitrogen, phosphoric acid and potash singly and in 
different combinations, and growing the same crop on all the 
plots. The kinds and amounts of fertilizers per acre are nitrate 
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of soda 160 pounds, equivalent to 25 pounds of nitrogen; dis- 
solved bone-black 320 pounds, equivalent to 53 pounds of phos- 
phoric acid; muriate of potash 160 pounds, equivalent to 82 
pounds of potash. ‘These are applied singly, two by two, and 
all three together, thus making seven different kinds of fer- 
tilizers, the combination of the three being a so-called ‘‘ com- 
plete’’ fertilizer. On an eighth plot a moderate quantity of 
stable manure with some phosphoric acid in addition was ap- 
plied, and on a ninth a liberal quantity of stable manure alone. 
Three other plots in the group are left unmanured. 


Diagram illustrating the arrangement of the plots in the soil 
test, and the kinds of fertilizers and amounts per 


acre used on each plot. 


Unfertilized strips separate the adjoining plots. 
EAST. 


PLor o. Nothing. Piotr Y. Stable manure, 16000 lbs. 


( Stable man., 10000 lbs. 
{ Dis. Bone-bl’k, 160 lbs. 


Prot A. Nit. of Soda, 160 lbs. BEOmeERG 


PLror B. Dis. Bn-bl’k, 320 lbs. PLor ooo. Nothing. 


Dis. Bone-bl’k, 320 lbs. 
Prom (C. “Mur/of Pot..-160 lbs; PLor G. < Mur. of Pot., 160 lbs. 
Nit. of Soda, 160 lbs. 


{ Dis. Bone-bl’k, 320 lbs. 


PLoT oo. Nothing. PLoT F. | Mur. of Pot., 160 Ibs. 


§ Dis. Bn-bl’k, 320 Ibs. 
( Nit. of Soda, 160 lbs. 


( Mur. of Pot., 160 lbs. 


REOTR ae Ds 1 Nit. of Soda, 160 lbs. 


PLotT E. 


. § Mur. of Pot., 160 Ibs. ye 
E. 1 Nit. of Soda, 160 Ibs. PLor D. 


§ Dis. Bn-bl’k, 320 lbs. 
{ Nit. of Soda, 160 lbs. 


{ Dis. Bn-bl’k, 320 lbs. 


F. ( Mur. of Pot., 160 lbs. PLoT 00. Nothing. 


Dis. Bn-bl’k, 320 lbs. 
Pvon iG. Mur: of Rots 160)lbs: Prop €: oMur. of Pot... 1Goilbs: 
| Nit. of Soda, 160 lbs. 


PLot ooo. Nothing. PLot B. Dis. Bone-bl’k, 320 lbs. 


EEE 


{ Stable man., 1000 lbs. 


Prot X. ) Dis. Bn-bl’k, 160 Ibs. 


Prot A. Nit. of Soda, 160 lbs. 


Pror Y. Stable man.,16000 Ibs. PLoT o. Nothing. 


WEST. 


“ALMOS 
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The diagram above will illustrate the method of laying out 
the field, and the kinds and amounts of fertilizers per acre 
applied on each plot. The soil of the experimental field is a 
medium loam with a yellow clay subsoil, and has good natural 
drainage. ‘The field slopes slightly to the south, and the plots 
are laid out with the long dimension corresponding to the slope, 
in order to prevent the washing of soil from one plot to another. 
The soil has not washed seriously, although very heavy rains 
have caused some washing of the surface. In 1889, before the 
experiment was begun, it was noticed that one side of the field 
was more fertile than the other, and to overcome, as far as pos- 
sible, the effect of this irregularity it was thought best to lay 
out the field in two halves, the order of the plots on these to 
be reversed. In this way 24 one-twenty-fourth acre plots were 
laid out, as shown in the diagram of the field. In harvesting 
the crop the yields on the corresponding plots of the two sets 
are combined and are reported on the basis of one-twelfth acre 
plots. 


Experiment with soy beans in rgor.—The medium early green 
soy bean was the crop grown in rgo1. The data of the experi- 
ment are given in Table 73, only the seed being taken into 
account. 

The yields on the various plots without fertilizers were nearly 
the same, indicating that the fertility of the soil is fairly uni- 
form. Where the three ingredients, nitrogen, phosphoric acid 
and potash, were used separately (plots A, B and C) the nitrate 
of soda plot (A) gave slightly the best yield. The results from 
the use of the combinations of nitrogen and phosphoric acid, 
nitrogen and potash, and phosphoric acid and potash, would 
seem to show that the phosphoric acid was equally as important 
as nitrogen on this soil. Where all three of the fertilizers were 
applied (plot G) there was very little increase in yield over 
that obtained where only mineral fertilizers were used (plot F). 
The results on the whole would seem to suggest that while the 
nitrogen was possibly of some value to soy beans it should be 
used more sparingly than for most crops, and especially more 
so than for the cereals or grasses. 

It is interesting to notice that the yields obtained where 
stable manure was used were quite a little larger than from the 
plot supplied with a complete chemical fertilizer (G). This 
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TABLE 73. 
SOIL TEST WITH FERTILIZERS ON SOY BEANS. 


BY THE STATION, STORRS, Igol. 
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may have been due in part to the wet season, which would 
have favored the leaching away of the nitrates where the ni- 
trate of soda was used, while the slower acting organic nitrogen 
in the form of manure would have been made available gradu- 
ally throughout the season. Probably, also, the soil on plot 
G, on which only the chemical fertilizers have been applied for 
so many years, is lacking in beneficial organic matters (humus, 
etc. ), which would be present in the soil on which the stable 
manure was used. 


Average yields of crops grown tn soil tests.—By repeating the 
rotation in this experiment through a series of years the in- 
equalities of season are partially eliminated; thus the results 
would naturally be expected to be of increasing value as time 
goeson. ‘The average results in yields of crops are shown in 
the following table. 
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TABLE 74. 


Average yield per acre tn Station soil test during twelve years. 
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While some slight differences are shown as to the peculiar 


needs of crops, the soil as a whole seems to be lacking in all 


three of the essential fertilizer ingredients. ‘The following con- 


clusions as to the needs of particular crops seem warranted. 


Oats have shown marked increase in yield from the use of ni- 


trogen and phosphoric acid, while corn has seemed to need all 


the ingredients applied in the fertilizers. 


Potatoes, on the other 
hand, have been most benefited by applications of potash. ‘Thus 
the special needs of different crops are to some extent indicated 
by these tests. They can only be told with certainty, however, 
by long experimenting, under similar conditions. 
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SUMMARY AND GENERAL DEDUCTIONS. 


The special nitrogen experiments here reported were made with 
corn, cow peas, and soy beans. The purpose of the experiments 
zs twofold. first, to study the effects upon the yields of the crops 
when different kinds and quantities of nitrogenous fertilizers are 
used in addition to uniform quantities of mineral fertilizers; and 
second, to study the effect of the nitrogen in the fertilizers upon the 
percentage and amount of protein in the crops. 


The experiments with corn indicate that while the mineral fer- 
tilizers were very essential to the corn crop, they were not sufficient 
for this crop or this soil when used alone. A complete fertilizer 
with nitrogen, phosphoric acid and potash was essential for good 
yields of corn. When the yields alone are considered, the most 
profitable results financially have been obtained with 25 to 50 
pounds of nitrogen per acre (in nitrate of soda) used tn connection 
with mineral fertilizers. When the feeding value of the crop ts 
considered even larger quantities of nitrogen than 50 pounds per 
acre seem to give profitable returns. While the yields of dry 
matter have not generally been much increased by an increase of 
nitrogen beyond 50 pounds per acre, the percentages of nitrogen 
and of protein in both the grain and the stover have been highest 
in the crops where the largest quantities of nitrogen have been 
used in the fertilizers. 


The experiments with legumes—cow peas and soy beans—indt- 
cate that mineral fertilizers are of great value tn tncreasing the 
yields of these crops, while nitrogenous fertilizers do not greatly 
increase either the yield or the percentage of protein in the crop 
over that obtained from the mineral fertilizers only. In the ex- 
periments thus far made by the Station the average results with 
cow pea fodder show practically no advantage from the use of 
nitrogenous fertilizers. In the experiments with soy beans grown 
for seed some increase seems to have resulted from the use of nt- 
trogenous fertilizers, although that increase was small, The per- 
centages and yields of protein in these legumes bore very little 
relation to the quantities of nitrogen used, the protein being in- 
creased but little if any by the use of nitrogenous fertilizers. 
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The results of the soil test of roor indicate that the mineral 
Sertilizers were of greater value than nitrogen in increasing the 
yields of soy beans. Nitrogen was of some value, however, 
especially when supplied in the form of manure. While the 
complete fertilizer (plot G) gave an increase of only two bushels 
per acre over the yield where only mineral fertilizers were used 
(plot F), the manure (plots X and Y) gave an increase of nearly 
nine bushels. 


In general the results obtained during the past twelve years 
with the leading crops indicate that nitrogen and phosphoric acid 
are of prime importance for use on this particular soil in order 
to get good yields of oats. The same ingredients also produced 
the most marked results on the yields of corn during the three 
years tn which this crop has been grown in the rotation, while on 
the other hand, potatoes have responded more generally to the use 
of potash. 
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AN EXPERIMENT ON SOIL IMPROVEMENT. 


BY (CoS... RPHEEPS: 


In 1899 the Station began an experiment on a series of plots 
of land at Storrs, the purpose of which was to compare the 
value and economy of different methods of manuring for re- 
storing the fertility to a soil such as is commonly described as 
‘“poor’’ or ‘‘ worn out.’’ This experiment was to be contin- 
ued through a period of several years on the same plots. The 
results here reported are those for the third consecutive year. 


The soil of the field on which this experiment is conducted is 
medium heavy loam which holds moisture well, but apparently 
is lacking in organic material and probably in available nitro- 
gen. ‘The field had been used for a peach orchard from 1889 
to 1898, and while the peach trees were growing it had been 
treated liberally with the mineral fertilizers, phosphoric acid 
and potash, but little or no nitrogen had been applied. During 
the years 1889-1894 different crops were grown between the 
rows of trees and were removed from the land; after 1894 the 
soil was kept under cultivation but no crops were grown except 
the peaches. Part of the peach trees were removed in the fall 
of 1897 and the remainder in the fall of 1898. In the spring 
of 1899 a series of parallel plots was laid out upon the field for 
the purpose of the present experiments. 


The plan of these experiments consists in treating the differ- 
ent plots with different kinds of fertilizers in such a way as to 
‘‘build up’’ the general fertility of the soil, growing the same 
crop on all the plots, and estimating the relative value of the 
different methods of manuring by a comparison of the results 
from the different plots. The kinds of fertilizers used are (1) 
stable manure, (2) a ‘‘complete’’ chemical fertilizer, and (3) 
‘“oreen’’ manures, both alone and in combination with mineral 
fertilizers. The following crops are grown in the experiment 
in a four-year rotation: Corn, potatoes, oats and peas for 


ce 
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fodder, and soy beans. ‘The arrangement of the plots and the 
method of fertilizing each plot are shown in the diagram be- 
low. 


Arrangement of plots and method of fertilizing in experiment 
on soil improvement, Igor. 


Plot K. ‘‘Complete”’ fertilizer, 800 Ibs. per acre. 


Plot L. Stable manure, 8 tons (3.4 cords) per acre. 


Plot M. Clover or other legume for green manuring. 


Plot N. § Mineral fertilizers, 7oo lbs. per acre, and rye for green 
! manuring. 


Plot P Mineral fertilizers, 700 lbs. per acre, and clover or other 
; legume for green manuring. 


The plots contain one-eighth acre each, and are separated by 
strips 3.3 feet wide. These strips between the plots and similar 
strips at the ends and sides of the field are planted the same as 
the plots, but no fertilizer is applied on them and the growth 
on the strips is harvested before that on the plots and not in- 
cluded in the experiment. 

The piece of land on which these plots are laid out is contig- 
uous to that used for the special nitrogen and soil test experi- 
ments. The slope on this field is even greater than that on 
the others, and the inaccuracies due to washing of the soil by 
rains may be greater. It is believed, however, that they have 
not interfered very seriously with the results of this experi- 
ment. 

Plot K is supplied with a liberal amount of complete chem- 
ical fertilizer, and plot L, with a liberal amount of mixed stable 
manure. It is intended that the pecuniary value of the fer- 
tilizer used on plot K shall be approximately the same as that 
of the stable manure on plot L, estimating the fertilizer ac- 
cording to the system of valuation followed by the New Eng- 
land Experiment Stations, and valuing the manure at $3 per 

11 
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cord. ‘The complete chemical fertilizer on plot K was applied 
in 1899 and 1goo at the rate of 1,200 pounds per acre, the 
materials included in the fertilizer being mixed in the fol- 
lowing proportions: Nitrate of soda 200 pounds, sulphate of 
ammonia 100 pounds, tankage 200 pounds, muriate of potash 
200 pounds, South Carolina acid phosphate 500 pounds. In 
1go1 the fertilizers were mixed in the same proportions as 
above but only 800 pounds per acre were applied. On plot L 
12 tons, or 5% cords, of stable manure per acre were applied 
in 1899 and 1900; in 1901 the quantity was reduced to 8 tons 
or 3.4 cords per acre. 


Plot M receives no fertilizer, but whenever practicable some 
leguminous crop is grown on the plot between the seasons of 
the regular crops, from year to year, for the purpose of plow- 
ing under. Clover was grown after the corn crop of 1899 and 
was plowed under in the spring of 1900. Winter vetch was 
sown in September, 1goo, after the potatoes were harvested; 
this made a thin growth and was only 3 to 4 inches high when 
winter came, and a considerable amount of it was killed during 
the winter. ‘There was, therefore, only a light growth of vetch 
to plow under in May, 1901, in connection with the experiment 
here reported. 


On plots N and P a mixture of South Carolina acid phos- 
phate and muriate of potash is applied at the rate of 700 pounds 
per acre, the proportion being 500 pounds of the former to 200 
pounds of the latter. In addition to this, green crops grown 
between the seasons of the regular crops are also plowed under. 
Rye was grown on plot N after the corn crop of 1899 and was 
plowed under before the regular crop of 1900 was planted. 
Rye was sown again after the potato crop of 1900 was har- 
vested, and the growth was plowed under in May rgo1 before 
the experiment of that year. On the plot P clover was grown 
after the corn crop of 1889 and plowed under in the spring of 
1900. Winter vetch was sown in September 1900 after the 
potatoes were harvested and was plowed under in May rgor, 
but as in the case of plot M there was only a light growth of 
vetch in the fall and much of it was killed during the winter, 
so that there was but little to plow under. 
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In conducting the experiment on soil improvement according 
to the plan outlined there has been some difficulty in selecting 
crops that would give satisfactory returns in green manure be- 
cause of the conditions under which they may be grown in the 
experiment. Good crops of rye have been obtained each year 
on plot N. There was a fair growth of alsike clover on plots 
M and P to plow under in the spring of 1900, but this had 
been sown in the latter part of July, 1899, amongst the corn 
after it was cultivated for the last time. Since the potatoes 
grown in the experiment of 1900 were rather late in maturing, 
and as clover could not be sown to advantage before digging 
the tubers, it was thought best to try winter vetch as a catch 
crop on these plots between the seasons of 1900 and igor, but 
as already explained, this crop made but little growth and the 
very little quantity that could be plowed under somewhat mod- 
ified the yields of oats and peas on these plots during the 
experiments of 1901. Following the oats and peas, common 
red clover was sown early in August, r901. On the whole, 
this crop gives the best promise of any yet tried for green man- 
uring on this field, but in order to grow a crop of clover or 
other legume following the regular crop of the experiment and 
get a sufficient amount to plow under it is necessary either to 
sow the clover in the growing crop late in July or early in 
August, or to plant in the regular rotation only those crops 
which may be harvested early in the season and thus allow the 
clover to be sown on the cleared field not later than August. 


Yields of oat and pea hay in rgor.—The yields of oat and pea 
hay from the different plots in the experiment of rgor are given 
in the following table. 


There was not a very heavy growth on any of the plots, the 
heaviest yield being that. from plot K with the complete fertil- 
izer, as has also been the case each year of the experiment thus 
far. As the field slopes considerably from plot P to plot K 
there may be more moisture in the soil of the latter plot and 
possibly some of the fertilizers from the soil of the other plots 
may be washed upon it, which would probably benefit the 
growth of the crop on plot K. However, from a comparison of 
the costs of the fertilizers used on the two plots as well as of 
the yields produced there does not appear to have been any 
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material advantage in the conditions of plot K over those of 
plot L; the cost of the fertilizer on plot L, was only 81 per cent., 
while the yield of crop was 85 per cent. of that of plot K. 


TABLE 75. 
Yields of oats and peas in the experiment on soil improvement, 
Igor. 
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L | Stable manure, - B : : - - | 16000 | 10.26 | 610 | 4880 
M | No fertilizer except vetch, - - - — — | 495 | 3960 
N | Mineral fertilizers and rye, - - - 700 7.59 | 475 | 3800 
P | Mineral fertilizers and vetch,  - - - 700 | 7.59 | 490 | 3920 
The only expense for the green manuring of plots M, N and 


P was the cost of the seed and the time and labor of sowing it. 
The land was not plowed, as the soil was quite loose after the 
potatoes were dug; the seed was covered by harrowing the soil. 
No account was taken of the cost of seed and of labor. The 
cost of fertilizing plot M is therefore given in the table as noth- 
ing because the only fertilizer was the vetch for green manur- 
ing; and the cost of fertilizing plots M and P is given as that 
of the mineral fertilizers used, at the rate of $7.59 per acre on 
each plot. 


Apparently the most economical of the methods of fertilizing 
these three plots was that on plot M. The yield from this plot, 
with no fertilizer but the vetch plowed under, was practically 
the same as that from plot P with mineral fertilizers in addition 
to the vetch, and was larger than that from plot N with the 
mineral fertilizers and rye for green manure. ‘These results 
would indicate that the mineral fertilizers were of little or no 
advantage in this experiment and also that considerable benefit 
was derived from the vetch as manure, even though the crop 
plowed under was very light. 


EXPERIMENT ON SOIL IMPROVEMENT. 153 


GENERAL SUMMARY AND CONCLUSIONS. 


The experiment on soil improvement in 1900 was with pota- 
toes and that of roor with oat and pea hay. Ln both years the 
yteld was largest on the plot with the complete fertilizer, but in 
proportion to the cost of fertilizing the two plots the yield on the 
plot with the stable manure was fully as economically produced. 
In 1900 the yield from the plot with clover for manure was next 
zn size to that from the plot with the complete fertilizer, and the 
yield from the plot with the minerals and clover for fertilizer was 
practically the same as that from the stable manure. In roor the 
yields of oatand pea hay where alight growth of vetch was plowed 
under, either alone or tn combination with the mineral fertilizers, 
were much smaller than those where stable manure was used. In 
both years the yield on the plot where rye was plowed under in, 
addition to the minerals was less than those from the plots on 
either side where the legumes were used. The results of both 
years indicate a considerable advantage in the use of legumes for 
green manure. On the whole, common red clover seems to be the 
best crop for the purpose of green manuring when tt must be 
grown between the regular crops of a rotation as in the expert- 
ment here described. The experiment would need to be continued 
for several years before the results would warrant any reliable 
conclusions regarding the relative economy of the various methods 
of fertilizing for improving the fertility of the soil. 
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POT EXPERIMENTS WITH NITROGENOUS 
FERTILIZERS ITN xo9o0r, 


BY CYS) PHELPS. 


The chief difficulties met with in field experiments with fer- 
tilizers are variations in the soil of the different plots, irregu- 
larities of season, particularly in the amounts of rainfall, and 
the impossibility of applying fertilizers in such ways that the 
plants shall get the full benefit of them and at the same time 
not get plant food in varying quantities from other sources. 
In order to overcome these difficulties as far as possible, and to 
verify the results of the field experiments by investigations in 
which the conditions influencing the growth of the crops might 
be more under control, the Station for several years has carried 
on experiments in which plants were grown in a prepared soil 
in pots in a special vegetation house. In these experiments all 
the pots are filled from a lot of soil that has been very thor- 
oughly mixed and is therefore quite uniform; the plants are all 
watered artificially so that the amount of moisture in the soil 
can be kept within certain limits; and the fertilizers are applied 
in such ways that there is little, if any, chance for loss of plant 
food. : 

A detailed account of these experiments, describing the pots 
and soil used, the method of applying the fertilizer and the 
water, the shelter house and the care of the plants during the 
growing season, the sampling and analyzing of the crops, etc., 
and giving the results obtained during several years with dif- 
ferent crops, is given in the Report of the Station for 1900. In 
the present article, which reports the results of the experiment 
for 1go1, these details are briefly recapitulated, and any varia- 
tions in the methods of conducting the experiments are included. 


Shelter house and pots.—The plant shelter is a light frame 
structure with a large number of windows. It has a gravel 
floor on a level with a yard at the west side and is fitted with 
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tracks which extend into the yard. On these tracks are placed 
trucks for holding the pots of soil in which the plants are 
grown. ‘The pots used are 18.5 inches deep and 10 inches in 
diameter and will hold from 60 to 80 pounds of soil, sand and 
gravel. The pots are made of heavy galvanized iron and are 
fitted with half-inch lead pipes on the outside which are at- 
tached in such a way as to allow for watering at the bottoms 
of the pots. 


The soil used and the method of filling the pots.—The soil used 
in the experiments was taken from field plots which have been 
supplied with nothing but mineral fertilizers since 1890. This 
soil was used because there seemed to be but little organic mat- 
ter in it, and judging from the crops grown on it in recent 
years there was but little available nitrogen present. The soil 
was thoroughly mixed before it was put into the pots. In fill- 
ing the pots about two inches of coarse gravel was placed in 
the bottom of each, and this was covered with a thin layer of 
sand; the soil was then added in layers of about one inch in 
thickness, each layer being well tamped as it was filled in. In 
the earlier experiments from 50 to 60 pounds of soil were used 
in each pot, the quantity varying somewhat for the different 
series, but uniform for each pot in the same series. 


In the experiments of 1go1 all of the soil which had been 
used in the experiments of r900 was discarded and a new lot 
was obtained, as in previous years, from the mineral plots in 
the field experiments. This was placed in a heap and thor- 
oughly mixed; the gravel and sand was placed in the bottom 
of each pot, and then 55 pounds of the mixed soil was added. 
The moisture content of the soil was determined by drying 
samples at 105° C.; the soil in pots 1 to 12 contained 13.25 per 
cent. and that in the other pots 12 per cent. The weights of 
the filled pots was ascertained, to be used as explained later in 
keeping the percentage of moisture of the soil within a certain 
range. 


Adding the fertilizer.—To each pot in the whole experiment 
mineral fertilizers were applied uniformly as follows: phosphate 
of potash 2.54 grams, sulphate of potash .50 gram, carbonate 
of lime 4.00 grams. Some of the pots received no other fertil- 
izer besides the minerals, while other pots received nitrate of 
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soda in addition, the quantity varying so as to furnish what 
have been designated as the one-third, the two-third and the 
full ration of nitrogen. ‘The nitrate of soda used in the pots 
numbered 1 to 12 inclusive contained 16.24 per cent. of nitrogen 
and the quantities used were 2.05 grams for the one-third, 4.10 
grams for the two-thirds, and 6.15 grams for the full ration; 
while that in pots numbered 17 to 64 contained 16.47 per cent. 
of nitrogen, and the quantities used were 2.025 grams, 4.050 
grams and 6.075 grams, respectively. The amounts of the 
different fertilizing ingredients thus supplied were as follows: 
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In all the pots the mineral fertilizer was applied by mixing 
it with the soil before the crops were planted. About eight 
inches of soil from the top of that in each pot was removed, 
the fertilizer was thoroughly mixed with it and then it was re- 
placed and tamped as before. In pots 1 to 12, which were 
used for growing grass from sod, the nitrogenous fertilizer also 
was added, to those pots which were to have nitrogen, at the 
same time as the minerals. In the other pots in which nitro- 
gen was used the nitrate of soda was applied in solution, in 
some pots every day and in others every other day. FHither 25 
or 50 cubic centimeters of a weak solution of the nitrate was: 
diluted to 500 cubic centimeters and then applied to the soil. 
In this way a definite amount of nitrate of soda was added 
every time the solution was used. ‘The total amount thus 
added during the growing season was that given in the table 
above. 
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Care of the plants during the period of growth.—Tnhe pots in 
which the plants grew were placed upon trucks which rolled 
upon tracks and could be moved into and out of the plant shel- 
ter. Atnight, and during stormy weather, and when high winds 
would be likely to injure the plants, they were kept inside the 
shelter house; at other times they were out of doors. Care 
was taken to have the conditions of sunlight and moisture as 
nearly alike as possible for the plants in the different pots. 
The trucks on which the plants stood were switched from one 
track to another whenever necessary, so that the shorter plants 
would not be in the shade of the taller ones. The plants were 
kept under shelter during rainy weather, and water was sup- 
plied to them artificially, as often as seemed necessary to keep 
up a vigorous growth. The water used had previously been 
found by analysis to be practically free from nitrogen. Part 
of the water was applied at the bottom of the pot by means 
of the pipe entering from the outside, and part was poured 
upon the surface, for the purpose of distributing it through 
the soil. The water content of the soil was kept between ro 
and 15 per cent. by weighing the pots with the soil and the 
growing plant and adding sufficient water to bring the total 
weight up to a given amount previously determined. 


Sampling and analyzing the crops.—The total crop from 
each pot was used as a sample for analysis. ‘The grasses and 
millets were cut one inch above the soil, and each sample was 
put into a loose paper bag and was dried in the air, and later 
was cut into pieces about one inch long and kept in sealed bot- 
tles or jars until analyzed. In the case of the soy beans only 
the seed from each pot was taken as a sample, no effort being 
made to save the straw because the leaves drop off before the 
seed is fully matured. 

The only analysis of the crops was the determination of the 
percentage of total nitrogen in the samples. ‘The data in the 
tables giving the results with the different crops include for 
each pot the amount of nitrogen in the fertilizer, the total 
weight of the crop, the percentage and weight of total nitrogen 
and the estimated percentage of total protein. 

The amount of crop that can be grown ina pot in the ex- 
periments is so small that the results give little indication of 
the effect of the different quantities of nitrogenous fertilizers 
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upon the total yield of the crop. The particular importance of 
the results is the effect of the nitrogen of the fertilizer upon 
the percentage of nitrogen, and hence of protein in the crop. 
This is indicated by a comparison of the averages of the results 
from the pots with the different quantities of nitrogen, which 
are given in the last column of each table. 


According to the usual custom, the percentage of protein is 
estimated by multiplying the percentage of nitrogen by the 
factor 6.25, on the assumption that all the nitrogen determined 
represents protein containing 16 per cent. of nitrogen. This 
involves at least two sources of error. ‘The different forms of 
proteid vary in the proportions of nitrogen they contain, so 
that the factor that should be used may range between 5.8 and 
6.4. Furthermore, a part of the nitrogen in the crop may be 
present not as protein but in the form of nitrates, which have 
no food value, yet any nitrogen that would come from them in 
the determination would be estimated as protein by this method. 
In the experiments here reported, however, the error due to 
nitrates would probably be inappreciable. In the experiments 
of rg00 the amounts of nitrogen in the fertilizer were much 
larger than those in 1gor, but in tests for nitrates* in the crops 
of 1900 only very small quantities were found, and in only a 
part of the samples. ‘The amount of nitrogen present in the 
form of nitrates in the crops of 1901 would therefore probably 
be negligible if there were any. In any case, the error due to 
the presence of the nitrates would be much less than that due 
to the use of wrong factors. 


For practical purposes, however, the usual method of esti- 
mating protein is perhaps sufficiently accurate; and in order 
that the results of these experiments may be directly compara- 
ble with those previously reported, it seems best to follow the 
same method here that has been used before. 


DISCUSSION OF THE EXPERIMENTS OF I9QOl. 

The experiments of 1901 include one series of pots with 
meadow fescue grass, one with Hungarian grass, one with 
barnyard millet, and one with soy beans. Each experiment 
comprised four groups of pots; in the experiment with meadow 


* Rept. Storrs Station Igoo, p. 83. 
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fescue there were three pots in each group, in the other experi- 
ments there were four. One group in each series included the 
pots with mineral fertilizers only, one group with the one-third, 
one with the two-thirds, and one with the full nitrogen ration 
in addition to the minerals. The results from each group were 
averaged together. The details of the experiments and the 
discussion of the results follow. 


EXPERIMENT WITH MEADOW FESCUE GRASS. 

This experiment included pots Nos. 1 to 12. Three pots 
were used in each group, but the crop on one of the pots with 
mineral fertilizers was accidentally destroyed. The results of 
the experiment are given in Table 77. 


TABLE 77. 


Nitrogen in fertilizer and in crop in pot experiment with 
meadow fescue grass, LQOT. 


| 
| 
| 
| 


| FERTILIZER. | & 3 
oh ae a eae alles 
cS) ~ mae 
Zz | | ‘Sa. | "ol £ ae 
a ~ | Sample. cane = 22 3 _ 2x 
Ay | E = | — as 
Realist geeis| & | 
| RNa MOM Faust 
| | Gm. |G.| % |G.| % 
6434) 2| Meadow fescue, | Minerals only, - =| Poe 061) 26) 16535 
6435, 3, Meadow fescue, | Minerals only, — - = — |rq]2.28].32|/14.2 
| Average, - — | — |12/2.45'.29'15.28 
6436. 4) Meadow fescue, | Minerals + }nit. ration.) .33$ 132.41 .31/ 15.06 
6437| 5 | Meadow fescue, | Minerals + }nit. ration, | .334|15/2.41).36 15.06 
6438) 6) Meadow fescue, | Minerals + $nit. ration, | .33$|13/2.48).32/15.50 
Average, = - — |} — |14/2.48 .83)15.21 


6439 7| Meadow fescue, | Minerals + } nit. ration, .663 |10/2.98 .30 18.63 
6440 8) Meadow fescue, | Minerals + }nit. ration,| .66% 13/2.68|.35| 16.75 
6441) g| Meadow fescue, | Minerals + } nit. ration, | .663%|12/2.85|.34/17.81 

| Average, - — | — |12/2.84'.33)17.73 


6442 10| Meadow fescue, | Min’ls + full nit. ration, 1.00 |14|2. 46] .34/15.37 
6443 11| Meadow fescue, | Min'ls + full nit. ration, 1.00 |14/2.62 .37 16.37 
6444 12| Meadow fescue, | Min’ls + full nit. ration, 1.00 |18|/2.64).48/16.50 

| Average, - — | — /16/2.57 .40 16.08 


The growth on the different pots in the same group was 
fairly uniform, but for the different groups there was quite a 
wide variation both in the total amount of crop and in percent- 
ages of nitrogen in the crop. ‘The increase in crop and in 
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percentages of nitrogen in the crop was not in direct proportion 
to the amount of nitrogen used in the fertilizer. The increase 
was much less regular in this experiment than in similar ex- 
periments with grasses in past years. It will be noticed, how- 
ever, that the percentages of nitrogen and of protein in the 
crops were much higher where the higher rations of nitrogen 
were used as fertilizer than where the smaller amount or no ni- 
trogen was applied. The growth as a whole was not quite as 
vigorous as in the experiments with Hungarian grass and with 
millet, nor as in some of the experiments with grasses in past 


years. 


This may account in part for the irregularities in the 


results obtained this year. 


EXPERIMENT WITH HUNGARIAN GRASS. 


The results of this experiment, which included pots 17 to 
32, are given in Table 78. 


TABLE 78. 


Nitrogen in fertilizer and in crop in pot experiment with Fun- 
garian grass, 190. 


FERTILIZER. ¢ Bs 

= 0 y a 

tlie: Ses y aw 

Zz \z : Solu) 5 | ee 

a |x Sample. 5 ee “i = | tS x 

ic Kind. we & 3 A 
oe | 3 SO em 

3 Sp ls = 

Gm. G.| % \Gm| % 
6445|17| Hungarian grass, Minerals only, = — |o8lr. 14 32) 7213 
6446/18} Hungarian grass, Minerals only, = — |30|I.12|/.34) 7,00 
6447\19| Hungarian grass, Minerals only, - — |28/1.07|.30] 6.69 
6448)20; Hungarian grass, Minerals only, = = (82 Lela Srl ese 
| Average, - = — |30)1.13).33 7.03 
Renee Hungarian grass, Minerals + + nit. ration, | .33% 36)1.47 53, g.19 
6450/22| Hungarian grass, Minerals + 4 nit. ration, .334/38/1.71|.65|10.69 
6451.23 Hungarian grass, Minerals + } nit. ration, .334/38/1.55/.59| 9.69 
6452 24| Hungarian grass, Minerals + 4 nit. ration, 334/36|1.59|.57| 9.94 
| Average, - co — |871.58 .59 9.88 
6453/25| Hungarian grass, Minerals + $ nit. ration, 66% 36\2.16|.78|13.50 
6454/26) Hungarian grass, Minerals + } nit. ration, .663/36|2.18|.78)13.63 
6455/27) Hungarian grass, Minerals + $ nit. ration, .66% 39 2.07|.81|12.94 
645628) Hungarian grass, Minerals + } nit. ration, 663/36|2.07|.75|12.94 
Average, E — as 37/2.12).78 13.25 
6457.29) Hungarian grass, Minerals + full nit. ration, 1.00 36 2.36|.85|14.75 
6458! 30) Hungarian grass, Minerals + full nit. ration,,r.00 |39 2.26|.88|14,12 
6459/31| Hungarian grass, Minerals + full nit. ration,|1.00 |36/2.41|.87\15.06 
6460/32) Hungarian grass, Minerals + full nit. ration,)1.00 38|2.26|.86)14.12 
Average, - | = — 37/2.32).8614.51 
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The average weight of the crop was the same on the pots 
with the different quantities of nitrogen, but was smaller on 
the pots with the mineral fertilizers alone. The percentages 
of protein in the crops increased steadily with the increase in 
the amount in the fertilizer, the average percentage in the crop 
with the full ration of nitrogen being more than twice that in 
the crop from the pots with no nitrogen. This is a striking 
illustration of the advantage of nitrogen as fertilizer for in- 
creasing the feeding value of such a crop as Hungarian grass. 


EXPERIMENT WITH BARN YARD MILLET. 


The experiment with barn yard or Japanese millet included 
pots 33 to 48. The results of the experiment are given in 


Table 79. 
TABLE 79. 


Nitrogen in fertilizer and in crop in pot experiment with barn 
yard millet, rgor. 


FERTILIZER. é zn 

5 o a 

gis oe |e vee an 

i A Sample. ae a = a3 ay 

= |g Kind, Sele aes a: 
Sais. 2 é 

eee 

Gms. |G.| 9% Gm % 
6461/33) Barn yard millet, | Minerals only, 2 = | — |34|1.03).35] 6.44 
6462/34! Barn yard millet, |Minerals only, - - | — |28/r.19|.33] 7.44 
6463|35| Barn yard millet, | Minerals only, - atl es SIRI g ee ea baalali ais 
6464|36| Barn yard millet, |Minerals only, = = | = (51) it SOO! aSko Moa 
Average, - — == \Sh)1-14\-96) 17.10 
6465|37| Barn yard millet, | Minerals + 4 nit. ration, -335/4311.33).57| 8.31 
6466|38| Barn yard millet, | Minerals + 4 nit. ration, .334|46|1.61|.74|10.06 
6467|39| Barn yard millet, |Minerals + 4 nit. ration, .33$/42|1.15|.48] 7.19 
6468/40) Barn yard millet, |Minerals + 4 nit. ration, 33$/43/1.02).44] 6.38 
Average, - — |44/1.28) .56) 7.99 
6469/41] Barn yard millet, |Minerals + } nit. ration, .66$/45|1.68) .76|/10.50 
6470|42| Barn yard millet, |Minerals + 4 nit. ration, .663/53/1.58!.84) 9.87 
6471\43| Barn yard millet, | Minerals + 4 nit. ration, .663/45]1.74).78)/10.87 
6472\44| Barn yard millet, |Minerals + 4 nit. ration, 663|48|1.61|.77\10.06 
Average, - = — |48/1.65).79)10.38 
6473/45| Barn yard millet, |Minerals + full nit. ration,|1.00 |51/1.92'.98|12.00 
6474|46| Barn yard millet, |Minerals + full nit. ration,|1.00 |54|/1.82).98|11.37 
6475/47| Barn yard millet, |Minerals + full nit. ration,|1.00 |52/1.68).87/10.50 
6476|48| Barn yard millet, |Minerals + full nit. ration,|1.00 |51/1.89 .96)11.8r 
Average, = = == $2/1.83 .95)/11.42 
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The yield from the different pots in the same group was 
fairly uniform, but the averages of the yields for the different 
groups varied considerably. Unlike the experiment with Hun- 
garian grass, the yields of millet increased with the increase in 
nitrogen as fertilizer. This may be due to the larger growth 
made by the millet and consequently to the greater require- 
ments of the crop for nitrogen. ‘There was a fairly constant 
increase of nitrogen and of protein in the millet crop of the 
different groups, corresponding to the amounts of nitrogen 
used in the fertilizer, but this was less noticeable in the case of 
the Hungarian grass. ‘These results would seem to indicate 
that in cases where the nitrogen is largely used in producing 
growth it does not increase the proportion of nitrogen to such 
an extent as where less is required for the growth of the crop; 
and in order to increase more largely the proportion of nitrogen 
in the crop it may be necessary to use nitrogen in amounts be- 
yond the needs of the crop for growth. 


EXPERIMENT WITH SOY BEANS. 


The experiment with soy beans comprised pots Nos. 49 to 
64 inclusive. It was similar to the experiments of the two 
years preceding with the same crop except that smaller quan- 
tities of nitrogen were used in the fertilizer. The medium 
early green variety of soy bean was grown. ‘The plants were 
thinned out when about an inch high, only six being left in 
each pot. The growth seemed to be normal throughout the 
season and the appearance of the crops in the different pots 
was much the same. The results of the experiment are given 
in Table 80. 

The average yield was but very little larger where the 
largest quantities of nitrogen were used than that where no 
nitrogen was used. As in similar experiments in 1899 and 
1900 there seemed to be no relation between the quantities of 
nitrogen used and the percentage of nitrogen and of protein in 
the crop. In fact in the experiment for 1901 the percentage 
of nitrogen decreased slightly as the amount of nitrogen used 
for the different groups was increased. Attention is called to 
this not because the decrease in the percentage of nitrogen had 
any marked significance, because it was slight, but rather to 
point out that with soy beans there seems to be no relation 
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between the nitrogen in the crop and that used as fertilizer. On 
the whole there seems to be no tendency for nitrogenous fer- 
tilizer to improve the feeding value of the soy bean seeds. 


TABLE 80. 


Nitrogen in fertilizer and in crop in pot experiment with soy 
bean seed, TQ0T. 


FERTILIZER. & v 

; SaREN adn inmntilmete 

Zo Ane fs iz 9 aw 

é é Sample. iS = ie 2 * ay 

Sis Kind. oat 2 = Ay 

ta |s 5S) = 

vay enue 

Gm. |G.| % |Gms| % 
6477|49| Soy bean seed, |Mineral fertilizers, - - | — 1|18)7.02|1.26)43.88 
6478]50| Soy bean seed, |Mineral fertilizers, - : — |18}7.05)1.27\44.06 
6479|51) Soy bean seed, |Mineral fertilizers, - - | — |16|7.26)/1.16/45.37 
6480|52| Soy bean seed, |Mineral fertilizers, - - | — |17 7 24\T .23145.25 
Average, - = — |17\7.14,1.23)44.64 
6481/53| Soy bean seed, |Minerals + $ nit. ration, .33¢/19/7. 16) 1.36144. 75 
6482/54) Soy bean seed, |Minerals + $ nit. ration, .33$/20|7.06/1.41/44.13 
6483|55| Soy bean seed, |Minerals + 4 nit. ration, .334/18/7.16/1.29/44.75 
6484|56| Soy bean seed, |Minerals + } nit. ration, .33$/16)7.12/1.14/44.50 
Average, - — — |187.131.3044.538 
6485|57| Soy bean seed, |Minerals + # nit. ration, .663/21/6.94/1.46)43.38 
6486|58| Soy bean seed, |Minerals + % nit. ration, .663/22/6.90)1.52/43.13 
6487|59| Soy bean seed, |Minerals + } nit. ration, .663/19|/6.97\1.32/43.56 
6488|60| Soy bean seed, |Minerals + # nit. ration, .663/19|7.08|1.35/44.25 
Average, - = — |20\6.97)1.41/43.58 
6489/61, Soy bean seed, Minerals + full nit. ration,|1 00 |21/6.98'1.47)43.63 
6490|62| Soy bean seed, |Minerals + full nit. ration,|1.00 |23)6.51\1.50|/40.69 
6491|63) Soy bean seed, |Minerals + full nit. ration,)1.00 |22/6.98'1.54 43.63 
6492/64) Soy bean seed, |Minerals + full nit. ration,)I.00 |20 7 .09|1.42|44.31 
Average, - — = 216.89 1.48/43 .07 


SUMMARY AND DEDUCTIONS. 


The purpose of the pot experiments was to study the effects of 
nitrogenous fertilizers on the percentages of nitrogen and protein 
in some of our common farm crops. In this respect they are stmt- 
lar to the field experiments with nitrogenous fertilizers which the 
Station has conducted during the past twelve years; but it was 
thought that with the crops grown tn pots the conditions of the 
experiments would be more fully under control and the results 
would thus have an increased value, and would serve to verify 
the results obtained in the field experiments. 
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The crops were grown in large pots and were protected from 
rains by a plant shelter, although the plants stood out of doors in 
pleasant weather. The water used for watering the plants was 
practically free from nitrogen and was all added artificially. A 
natural soil in which to grow the crops was taken from field plots 
to which no nitrogen had been added since 1890. The amounts 
of nitrogen used, especially tn the experiments prior to rgor, were 
proportionately much larger than in the field experiments, al- 
though the ratio of the amounts on the different groups of pots to 
each other were the same as in the groups of plots of special nitro- 
gen field experiments. All of the pots were supplied with uniform 
quantities of mineral. fertilizers, one group had the ‘‘one-third 
nitrogen ration,’’ one the ‘‘two-thirds ration,’’ and one the ‘‘full 
vation,’ tn addition to the minerals. 

The results of the past three years’ experiments indicate that 
our common grasses such as orchard grass and meadow fescue are 
greatly increased in the percentages of nitrogen and of protein by 
the nitrogen used as a fertilizer. Similar results were obtained 
with Hungarian grass and millet, The only cereal that has been 
grown in these experiments ts oats, While the experiment has not 
been fully satisfactory the increase in percentage of protein was 
much larger where the larger quantities of nitrogen were used as 
fertilizer. The only legume which has been successfully grown ts 
the soy bean. The seed of this plant was but little increased either 
in total weight of crop or in the percentage of nitrogen by the 
nitrogen used as fertilizer. 


) 


The practical bearing of the experiments ts in the tncreased 
feeding value of certain crops following an increase in nitrogen 
used as fertilizer. Protein ts the most expenstve nutrient in 
feeding stuffs, and whatever method can be adopted to increase 
economically the amount produced on the farm, and thus to lessen 
the amount to be purchased, ts particularly advantageous. These 
and similar experiments by the Station indicate that nitrogenous 
fertilizers such as nitrate of soda, dried blood, tankage, or man- 
ure from well fed animals, may be so used as to increase consider- 
ably the percentages and the total yields of nitrogen and of 
protein of our common grasses and cereals over what these crops 
contain when grown without the use of such fertilizers. Nitrog- 
enous fertilizers, on the other hand, are of little value for 
tncreasing the percentages of nitrogen and of protein in the le- 
gumes, such as soy beans, cow peas and clovers. 
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ANALYSES OF FODDERS AND FEEDING STUFES. 


REPORTED BY THE DIRECTOR. 


———— oes 


The chemical analyses made by the Station during the past 
year have included complete analyses of about 300 samples - 
of food, feces and urine in connection with the metabolism 
and digestion experiments with men, 45 samples of various 
fodders and feeding stuffs used in the dairy herd tests, and 12 
samples of crops from field experiments with fertilizers. In 
addition to these determinations have been made of water and 
nitrogen in 59 samples of crops from the field experiments, and 
of nitrogen only in 59 samples of crops from the pot experi- 
ments. ‘The methods of analysis were those recommended by 
the Association of Official Agricultural Chemists, with such 
minor modifications as have been found of advantage in this 
laboratory. 

The analyses made in connection with the experiments with 
men will be published in connection with the other details of 
those investigations. The proportions of nitrogen in the crops 
from the pot experiments are given in the discussion of those 
experiments elsewhere in this report (see p. 154). The de- 
scriptions and analyses of the materials from the field experi- 
ments and the dairy herd tests are given on the following pages. 


The details of this article have been written by Mr. R. 
D. Milner who has also superintended the preparation of the 
tables. The analyses were made mostly by Mr. E. Osterberg. 

Table 81 shows the percentages of nitrogen and protein in 
the water-free material and of water, dry matter, nitrogen and 
protein in the fresh substance in the samples of crops from the 
field experiments. ‘The analyses of these crops have been 
limited to these determinations because they are the only ones 
necessary for the purpose of the experiments. In the feeding 
tests with dairy herds more complete analyses of the fodders 
and feeding stuffs were required; these are given for the fresh 


12 
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substance in Table 82 and for the water-free material in Table 
83. Analyses of several samples of soy bean seeds and ensilage 
corn fodder from field experiments are also given in these tables. 


According to the usual custom protein is given in the tables 
as total nitrogen multiplied by the factor 6.25. As pointed 
out elsewhere in the report (see p. 127), it is understood that 
the results thus obtained are only approximately correct, but 
they are believed to be sufficiently so for practical purposes. 


In all the tables of analyses two sets of averages are given, 
the first set being averages of analyses here published for the 
first time, the second set the averages of all analyses of similar 
materials thus far made in this laboratory, including those here 
reported. 


DESCRIPTION OF SAMPLES. 


The conditions under which the crops of the field experi- 
ments were grown are given in the discussion of the experi- 
ments on pages 122 to 141 herewith. The following notes give 
a brief. description of the growth on the different plots, the 
manner in which the different samples were taken, etc. De- 
scriptions of samples of the various fodders and feeding stuffs 
analyzed in connection with the dairy herd tests discussed on 
pages 81 to 104 are also given here. 


GREEN FODDERS. 


Nos. 6252-6260. Fanstlage corn.—Grown in 1899 on a series 
of plots similar to those in the regular special nitrogen plot ex- 
periments; analyzed in 1900, but not previously reported. The 
stalks and leaves were green and succulent; the ears were well 
glazed. From the total crop on each plot a large sample of 
about 30 pounds was taken by removing small portions as the 
crop was being cut up for the silo. The whole was then care- 
fully mixed and a sub-sample was taken and dried at once ina 
steam drier. 


ENSILAGE. 

Nos. 6414 and 6423. Corn and soy bean ensilage.—Used in 
dairy herd tests Nos. 64 and 66 respectively. In sampling, 
portions were taken from different parts of the silo to the 
depth of about a foot, and were thoroughly mixed, and from 
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this a sub-sample was taken. ‘The corn used in making the 
ensilage was the large dent variety; it was cut late, when the 
ears were well glazed. The soy beans were the yellow variety; 
there was a good growth, with pods well formed, when har- 
vested. One load of beans was put into the silo for every two 
loads of corn. 


CURED FODDERS. 


Nos. 6493-6512. Stover of white flint corn.—Grown in the 
special nitrogen experiments of 1901. The samples of stover 
were taken Oct. 27 and 28, 1901. Fora large sample from a 
half to the whole amount of the crop on each plot was taken. 
This was cut into pieces about an inch long and thoroughly 
mixed and from this a sub-sample was taken and dried. 


Nos. 6493-6512 were samples of crops grown on the sections at the north 
ends of the plots, and Nos. 6503-6512 those on the sections at the south ends. 


Nos. 6493 and 6494 were from plots 0 and oo. The growth was very slender 
and small, with few small ears; stalks and leaves pale green in color. 

Nos. 6495 and 6496were from plots 6a and 64. There was a medium heavy 
growth of stalks but the ears were quite light. The stalks and leaves were pale 
green in color. ; 

No. 6497 was from plot 7. There was a light growth of stalks, pale green in 
color, and ears were light. 

No. 6498 was from plot 8. Heavy growth of stalks, fairly green in color; 
ears medium heavy. 

No. 6499 was from plot 9. Heavy growth of stalks, rich green in color; ears 
quite heavy. 

No. 6500 was from plot 10. Stalks medium heavy, ears quite good; stalks 


and leaves medium green in color. 


No. 6501 was from plot 11. Stalks medium heavy, ears rather small; stalks 
and leaves medium green in color. 

No. 6502 was from plot 12. Slender, spindling growth of stalks, very few 
ears; stalks reddish in color, leaves medium green. 

Nos. 6503 and 6504 were from plots o and oo. Slender, small growth, ears 
very few and small; stalks and leaves pale green in color. 

Nos. 6505 and 6506 were from plots 6a and 64. Stalks fairly heavy but pale 
green in color; ears light. 

No. 6507 was from plot 7. Medium heavy growth, fairly well eared; leaves 


and stalks medium green in color. 


No. 6508 was from plot 8. Heavy growth well eared; leaves and stalks good 
color. 
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No. 6509 was from plot 9. Heavy growth, well eared; leaves and stalks dark 
green in color. 


No. 6510 was from plot 10, Fairly heavy growth, quite well eared; leaves 
and stalks medium green in color. 


No. 6511 was from plot 11 and No. 6512 was from plot 12. On both plots. 
there was a heavy growth, well eared; stalks and leaves dark green in color. 


Oat hay.—Used in dairy herd tests. About 50 pounds, com- 
posed of small portions taken from different parts of the mow, 
was cut up into small pieces and thoroughly mixed and sub- 


' sampled. 


No. 6389 from dairy herd test No, 59. Hay generally past full bloom when 
cut, some seed forming; harvested in good condition. Sample taken Dec. 17, 
1g0O. 


No. 6402 from dairy herd test No. 61. Oats had made a good growth and 
were harvested in good condition when a little past full bloom. Sample taken 
Jan. 14, 190I. 


No. 6410 from dairy herd test No. 63. Heavy growth of oats, cut just when 
they were in the milk stage and well cured. Sample taken Feb. 7, Igor. 


No. 6417 from dairy herd test No. 65. Heavy growth of oats harvested when 
just past full bloom. Sample taken March 12, Igor. 


No. 6427 from a dairy herd test not included in the report. Rather poor 
quality of hay, seeds about half grown when harvested; quite weedy. Sample 
taken March 4, Igor. 


Timothy hay.—No. 6395 from dairy herd test No. 60. Nearly 
clear timothy, rather fine, cut early; harvested in good condi- 
tion. Sample taken Dec. 31, 1900, from lot of about 40-50 
pounds which was cut up into small pieces and thoroughly 
mixed. 


Flay of mixed grasses.—Used in dairy herd tests. A sample 
of about 50 pounds was made up of small portions taken from 
different parts of the mow; this was cut into small pieces and 
then thoroughly mixed and sub-sampled. 

No. 6396 from dairy herd test No. 60. Cut early and harvested in good con- 
dition. Sample taken Dec. 31, 1go0o. 


No. 6406 from dairy herd test No. 62. Mixture of timothy and common 
grasses; rather small growth, cut early, well cured and in good condition, 
Sample taken Feb. 7, Igot. 

No. 6415 from dairy herd test No. 64. Rank growth of grass but mixed with 
a good many weeds and harvested rather past its prime and in poor condition. 
Sample taken Feb. 22, Igor. 
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No. 6418 from dairy herd test No. 65. Good growth, harvested in good 
season, well cured and in good condition. Sample taken March 12, Igor. 


No. 6424 from dairy herd test No. 66. Same lot of hay as that from which 
sample No. 6415 was taken; rather poor, and not very uniform in quality. 
Sample No. 6424 taken March 25, Igor. 


No. 6426 from dairy herd test not reported. Fair quality, and in medium 
condition when cut; harvested in fair condition. Sample taken March 4, fgot. 


Oat and pea hay.—No. 6428 from dairy herd tests not re- 
ported. Heavy growth, good condition when cut, oats a little 
past bloom; about one-quarter by weight of pea hay. ‘The 
sample was taken April 4, 1901. About 25-30 pounds was cut 
into small pieces and thoroughly mixed and sub-sampled. 


Black grass hay.—No. 6412 from dairy herd test No. 63. 
Sample taken Feb. 7, 1901. No. 6420 from dairy herd test 
No. 65. Sample taken March 12, r901. The growth was short 
but extra heavy, cut when just past full bloom and harvested 
in good condition. In sampling, small portions were taken 
from different parts of the mow and cut into small pieces which 
were thoroughly mixed and sub-sampled. 


Corn stover.—Used in dairy herd tests. 


No. 6390 from dairy herd test No. 59. Stover of white flint corn, which 
made a good growth of ears. Sample taken on Dec. 17, 1g00, from a lot of 
about 700-800 pounds which on December 14 had been cut into pieces about an 
inch long; the stover was slightly mouldy and fairly dry. 


No. 6397 from dairy herd test No. 60. Stover of flint corn which had eared 
well. Sample taken Dec. 31, 1900, from pile of 1200-1500 pounds which had 
been cut into 6-inch lengths. From 30-40 pounds of this was taken from dif- 
ferent parts of the pile, cut into smaller pieces and mixed and sub-sampled. 
The stover was bright and quite dry. 


No. 6401 from dairy herd test No. 61. Stover from flint corn that had eared 
heavily, was not harvested in good condition and was considerably mouldy. 
Sample was taken Jan. 14, 1901 from pile of 800—goo pounds and cut into small 
pieces which were mixed and sub-sampled. 


No. 6405 from dairy herd test No. 62. Stover of Canada flint corn. Small 
growth of stalks, eared well. Stover well cured and harvested in good condi- 
tion. Sample taken Jan. 28, 1901. Small quantities were taken from different 
parts of the mow and 40-50 pounds was cut into small pieces and thoroughly 
mixed and sub-sampled. 
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No. 6409 from dairy herd test No. 63. Stover of dent corn. Extra heavy 
growth of stalks, well eared, cut early and stacked in field until needed; in good 
condition when brought in for feeding. Sample taken Feb. 7, tIgo1, from 
about a ton which had been cut into small pieces, was made up of small por- 
tions taken from different parts of the pile of cut stover. 


No. 6419 from dairy herd test No. 65. Similar to sample No. 6409. Sample 
was taken from different parts of a pile of about 1000 pounds which had previ- 
ously been cut into small pieces. 


MILLING AND BY-PRODUCTS. 

The following samples were those of milling products used 
in the dairy herd tests during the winter of 1899-1900. ‘The 
samples were taken in such a way as to represent averages of 
the different feeds used during the tests. 

No. 6391 corn meal from dairy herd test No. 59. Sample taken from about 
150 pounds of home grown flint corn. 


Nos. 6394, 6400 and 6431. Cotton seed meal from dairy herd tests Nos. 59, 
60 and a test not reported. 


No. 6398. Corn and cob meal from dairy herd test No. 60. Home grown 
flint corn meal made by grinding the whole ears. 


Nos. 6399 and 6429. Wheat bran from dairy herd test No. 60 and one not 
reported. 


No. 6432. Chicago gluten meal from dairy herd test not reported. 
No. 6433. Wheat middlings from dairy herd test No. 64. 

No. 6430. Brewers’ grains from dairy herd test not reported. 

No. 6492. Quaker dairy feed from dairy herd test No. 59. 

No. 6393. Pillsbury’s mixed feed from dairy herd test No. 59. 


No. 6403. Grain mixture from dairy herd test No. 61. Made up of 150 lbs. 
Quaker dairy feed, 300 lbs. wheat bran, 200 lbs. corn meal, 75 lbs. cotton seed 
meal, 125 lbs. cream gluten meal. 


No. 6404. Grain mixture from dairy herd test No. 62. Made up of 300 lbs. 
corn and cob meal, 400 lbs. wheat bran, 200 lbs. cotton seed meal. 


No. 6408. Grain mixture from dairy herd test No. 62. Made up of 25 lbs. 
cream gluten meal, 75 lbs. wheat bran, 100 lbs. cotton seed meal. 


No. 6413. Grain mixture from dairy herd test No. 63. Supposed to be 
equal parts of corn and cob meal and wheat bran. 


No. 6416. Grain mixture from dairy herd test No. 64. Made up of 300 lbs. 
wheat middlings, 100 lbs. hominy chop, 150 lbs. cotton seed meal. 


No. 6421. Grain mixture from dairy herd test No. 65. Made up of 500 lbs. 
corn and cob meal, 40o lbs. wheat bran, 125 lbs. national gluten feed, 150 lbs. 
cotton seed meal. 
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No. 6422. Grain mixture from dairy herd test No. 65. Made up of 100 lbs. 
corn and cob meal, 100 lbs. cotton seed meal, 100 lbs. national gluten feed. 


No. 6425. Grain mixture from dairy herd test No. 66. Made up of qoo lbs. 
wheat bran, 200 lbs. cotton seed meal, 200 lbs. Chicago gluten meal, 100 lbs. 
hominy chop. 


SEEDS. 

Nos. 6513-6532. White flint corn (grain ).—Grown in special 
nitrogen experiments of 1901. Samples Nos. 6513-6522 were 
from sections at the south ends of the plots, and Nos. 6523- 
6532 from sections at the north ends. In each case the total 
amount of corn on a plot was dried until about Dec. 26—Jan. 4, 
when it was shelled; and on Jan. 22, 1902, about one quart was 
taken for a sample at the time the total weight of the crop was 
determined. The sample was sealed in a quart fruit jar. All 
the sampies from the sections at the south ends of the plots ex- 
cepting No. 6525, were partly mouldy when received at the 
laboratory. 

Nos. 6513 and 6514 were from plots o and oo. The corn was very small and 


mostly soft, with a few small ears on the plot. Slightly more numerous on 
plot oo than on plot o. 


Nos. 6515 and 6516 were from plots 6a and 64. Growth of ears rather light. 
No. 6517 was from plot 7. Growth of ears light but well matured. 
No. 6518 was from plot 8. Growth of ears good, well matured. 


No. 6519 was from plot 9. Growth of ears quite heavy, well matured. 


No. 6520 was from plot 10. Growth of ears medium heavy, well matured. 
No. 6521 was from plot 11. Growth of ears fairly well matured. 


No. 6522 was from plot 12. Growth of ears light, ears small and poorly de- 
veloped. 


Nos. 6523 and 6524 were from plots o and oo. The ears were few and small 
and not well filled. The sample as received at the laboratory was partly 
mouldy. 


Nos. 6525 and 6526 were from plots 6a and 64. The ears were rather light 
in proportion to the stalks. 


Nos. 6527 was from plot 7. Ears were quite good and well matured. 


Nos. 6528 and 6529 were from plots 8 and g. Ears quite heavy, well ma- 
tured and filled out. 


No. 6530 was from plot 10. Ears medium heavy, well matured. 


No. 6531 was from plot 11 and No. 6532 was from plot 12. Ears were quite 
heavy, well matured and filled out. 
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Nos. 6533-6554. Soy bean seed.—Nos. 6533-6542 were the 
early white variety grown in the special nitrogen field experi- 
ments of 1901. In each case an average sample of about one 
quart was taken on Jan. 24, 1902, at the time the total crop 
from each plot was weighed. These samples were sealed in 
quart jars. Since this is the first time this variety of bean 
was grown in these experiments complete analyses of a few 
samples were made in order to obtain an idea of their composi- 
tion. Nos. 6543-6554 were the medium early green variety 
grown in the soil tests of 1901. ‘The samples were taken at 
the same time and in the same manner as those from special 
nitrogen experiments. 

No. 6533 was from plot o and No. 6534 from plot oo. The growth of vines 


was small and pale yellow in color and the seed development was light. The 
growth was a little better on plot oo than on plot o. 


Nos. 6535 and 6536 were from plots 6a and 64. Growth of vines and seeds 
somewhat lighter than on nitrogen plots; vines pale yellow in color. 

No. 6537 was from plot 7. Growth of vines and seed medium heavy; vines 
good color. 

Nos. 6538 and 6539 were from plots 8 and g. Growth of vines and seed 
quite heavy. \ 

No. 6540 was from plot 10. Growth of vines and seed medium heavy, not 
quite equal to that on plots 11 and 12. 

Nos. 6541 and 6542 were from plots 11 and 12. Growth of vines and seed 
quite heavy; vines good color. 

No. 6543 was from plot 0 and 6544 from plot 00, and 6545 from plot ooo. A 
light growth of vines and small proportion of pods. 

No. 6546 was from plot A. Vines rather light, dark green in color, seed 
medium heavy. 


No. 6547 was from plot B. Growth of vines and pods medium heavy, bet- 
ter than on plot A. 


No. 6548 was from plot C. Vines and seed medium heavy, much the same 
as on plots A and B. 


No. 6549 was from plot D. Heavy growth of vines and seed, better than on 
plot E. 


No. 6550 was from plot E. Medium heavy growth of vines and seed. 

No. 6551 was from plot F. Heavy growth of vines and seed; vines lighter 
than on plots G, X, and Y. 

No. 6552 was from plot G. Heavy growth of vines and seed. Growth at 
harvest lighter than on plots X and Y. 

No. 6553 was from plot X, and No. 6554 was from plot Y. Very heavy 
growth of vines and seed. 
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TABLE 81. 


Composition of samples of field crops grown with different 
fertilizers in the plot experiments of rgor. 
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IN WATER- FREE, 


IN FRESH SUBSTANCE. 


SUBSTANCE. 

Z > Fs - 
B KIND OF CROP. o ae i 2 o ae 
s = Sx 3s E e | ox 

=| ie 5 > = i 
rab a eel SN anea le anes 

| 

%e % || % % | % | % 
6493 | White flint corn stover, - .98 Gary ore Ae OSROM Oh 7iai Aine 
6494 | White flint corn stover, - | 1.33 Dose ill LrhalO. | Gitnak ie 5O |) Sac) 
6495 | White flint corn stover, ~- .79 MeO") MN Bio all OG.O On Sul 52 
6496 | White flint corn stover, - | .80]| 4.99 || 39.9 | 60.1 | 0.5 | 3.0 
6497 | White flint corn stover, - | .73 | 4.58 || 36.6 | 63.4 | 0.5 | 2.9 
6498 | White flint corn stover, - BB PEAS Ou 2 SeOn monn On Olliges 
6499 | White flint corn stover, - .9o | 5.63 || 25-3 | 74-7 | 0.7 | 4.2 
6500 | White flint corn stover, - .76 AT 7a Gee OARON On Seaeoiak 
6501 | White flint corn stover, - | 1.08 6075, || s7.7 0 62-3 |.0.7 | ave 
6502 | White flint corn stover, - | 1.48 OO MN) CLOGS} Ni WSlogh Ne oats | Oats) 
6503 | White flint corn stover, - | 1.33 8.30 | PA0)(9) || Fo || Waoyel Gate 
6504 | White flint corn stover, - | 1.51 OVS) Ml) V2 | Ot) |) P| Glee 
6505 | White flint corn stover, - .83 ois Mi Meketeh | Wig OSs || Bee 
6506 | White flint corn stover, - .80 AaO7e |e 2oo beagle O10.) 320 
6507 | White flint corn stover, - .85 529) ||| 43891), 50.2) || O25) 2310 
6508 | White flint corn stover, - | .98 ete) | SES || OAL || OO |) Soe 
6509 | White flint corn stover, - | .98 Cnr | PVyer |lasyall Oagh lected! 
6510 | White flint corn stover, - | .89 5.59 || 49.8 | 50.2 | 0.5 | 2.8 
6511 | White flint corn stover, - | 1.04 6249" ||) 43.018 | 5049) | O.6 37 
6512 | White flint corn stover, - | 1.01 DAO Ni Bans | ORS 9 Oahu! 
Average (20), - : .99 | 6.19 || 88.8 | 66.2 | 0.7 | 4.1 
Average all analyses ue 1.05 | 6.56 || 83.1 | 66.9 Oeizietet 
6513 | White flint corn, - Sas Ooi |i Uso) I) Gis) LSS) | sin 
6514 | White flint corn, - = ere Ar SSS Aaa OS) Onl Le 2 s\a70 
6515 | White flint corn, - ait ae loess i Wye eal Sy o/ets) 
6516 | White flint corn, - = || i AKo) FAO) i) Wi elel | tevbee | Oh ofaa! 
6517 | White flint corn, - Sl eS | Caag, [Il eis) |) 35}.40 || Sieg sjel| ere 
6518 | White flint corn, - =i) anise Oars) MI LAOS} |\ oispatst || SS} |) 9/ac; 
6519 | White flint corn, - =F SIs 7h gees PROT O36 O0\ Gast | coe 
6520 | White flint corn,  - Speed Oui sn 24a Gale e ns. h (eta) 7.0 
6521 | White flint corn, - sia [eee A; QE22 0 lop sl eoOr7ze | lee) | 7a: 
6522 | White flint corn, = - | 1.58 QeSOm| | Lome) |Site Si) tes) Srl 
6523 | White flintcorn, -  - | 1.67 | 10.43 || 15.0 | 85.0 | 1.4 | 8.9 
6524 | White flint corn, - Po Eesonl Qegosl Teno S4arr |r 337/084 
6525 | White flint corn, - Sa eee 2 8.31 W7peeit, | e760), || fea tt | O46) 
6526 | White flint corn, = =" |i 2 Sawril.ell| TER PI tein i Weee ol Loe 7) 
6527 | White flint corn, - - | 1.45 | 9.06 || 17.2| 82.8 | 1.2 | 7.5 
6528 | White flint corn, - Si at (62 |) SHO) WO)4G) |} Og te eh) tiga 
6529 | White flint corn, - Sara |) Toes wa Mie Sh) i} 4) teiozl 
6530 | White flint corn, = = [Tou Sanz. |PLoete kh 8k.G | Len O27 
6531 | White flint corn, - Fe ROOT | OLO5. Nel anSy ll Saar (oles hinges 
6532 | White flint corn, = - | 1.48 O20) I BO ||, Hak WN eee ae! 
Average (20), : 139). Secor TG-Ob So. dd 2 ite 
Average all analyses (nay: 1.78 | 10.81 || 17.2 | 82.8 | 1.4 | 9.0 
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TABLE 81.—( Continued. ) 


IN WATER-FREE 


GuBsTANCE. IN FRESH SUBSTANCE. 

S a K Ae Tf Kes 
& KIND OF CROP. Fi iv T 2 3 | #2 
: a Le aa | a ek Pa se fee 
4 5 hn 5 Sed se tees 
eee ater? Poe | ae 

S A & 

% Yo Jo % Jo % 
6533 | Soy bean seed, = =A 7n 05) AATOS Mi Oz te QOH Oe 5a aAOno 
6534 | Soy bean seed, = She SA As Or 850) | 192.0" | On8leAaE 
6535 | Soy bean seed, = =a ON OS a | eqieese7 927° | 190.3") (O07) 33756 
6536 | Soy bean seed, = = \2On 28 /630).2 70 = SeOn| Oe. he lesseg 
6537 | Soy bean seed, 6-4 - = | 6.77 | 42.33 || 9.8 |"90.2 | 6.1 | 38.2 
6538 | Soy bean seed, = =| FsOL || 43283 i (Os09|" OO. O53) Bone 
6539 | Soy bean seed, = = | 220605) 44500 | 10,37)" ORF) | (O-A a nao 
6540 | Soy bean seed, - - | 6.45 | 40.29 8.08 9ls4) | 5.0 gone 
6541 | Soy bean seed, = =SORAle| AOLOr, 8.1 | QO©s9) |) 5ic9)) gone 
6542 | Soy bean seed, = = O84) 39. 6O0nlii5 Oe 5a) GOns)\mseo esone! 
6543 | Soy bean seed, = = OR8O. "42248 ol Shien || 8853.) OsOnmearEts 
6544 | Soy bean seed, - =| 6.96" | 43/52! ||| 1055) ||| 8925) | Os2e38r0 
6545 | Soy bean seed, - - | 6.96 | 43.50 || 10.4 | 89.6 | 6.2 | 39.0 
6546 | Soy bean seed, = = /O582")| A266n)||\ Tied s| SSeOn NM Onl ima7E@ 
6547 | Soy bean seed, = = TOON Aga a3 EL. 7 | C823) Oe2 S380 
6548 | Soy bean seed, = - | 6.48 | 40.47 1036+] 8924) | 15. 3" /gGR2 
6549 | Soy bean seed, - all preOeh | ZICH | aolais) Naso |) (53) ||. $O).2 
6550 | Soy bean seed, : = | 6.70: | 4i .90.. | B29) 487.5.) 5000 | 3665 
6551 | Soy bean seed, - = 6345) | 40.30) ||, 10,04] GOON )5 ecu |EsoRs 
6552 | Soy bean seed, e = 16573 | 42.06 [lent 35.4) BB 5; ||, Oeon) zee 
6553 | Soy bean seed, = = || (oped ie iaae7 9.5 | 90.5, | 6:3.) Sora 
6554 | Soy bean seed, = =| 2) | ei OF POs lO Or Omimane: | 40.0 
Average (22), = = 16.79 | 42:45 |) 10.0 )|.90.0"| 6°27) "a8ea 
Average all analyses (77), | 6.68 | 41.78 || 9.1 | 90.9 | 6.0 | 87. 
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TABLE 82. 


Composition of fodders and feeding stuffs analyzed rgo0-rgorT. 
Calculated to water content at time of taking sample. 


| 


uv } 

| ‘ } 2 

g | Slog les coches | es 
meee ¥ | | a 

a FEEDING STUFFS. s 6 & ae = 3 ay 

4 ps Bo | lz 

A 
Green fodders. one /00 Zon onsen e/a Cal. 
6252| Ensilage, corn, . - = = - |63.6| 3.8]1.3]/25.8| 4.1/1.4) 680 
6253| Ensilage, corn, = = e - [68.0] 3.3/1.2|20.3] 5.3|1.9| 590 
6254! Ensilage, corn, = = = ci. NOD) SP 1.5) 23.6 5.9/1.6 670 
6255) Ensilage, corn, = - = = OOM) S53) 2h LOnOli 7a ie Olmos 
6256) Ensilage, corn, 2 = - - [66.0] 3.3|/1.4]19.1| 8.4/1.8] 630 
6257| Ensilage, corn, = = . - |64.0| 3.4/1.4]23.6| 5.8]1.8| 670 
6258| Ensilage, corn, = - - - |65.2| 3.5/1.3/23.0] 5.2/1.8) 645 
6259| Ensilage, corn, = = - SOs 3.8/1 .2/22.2] 5.5/1.9] 635 
6260) Ensilage, corn, = = = - |65.0| 3.1/1.2|/22.1| 6.5/2.1] 640 
Average (9), - - - |65.8) 3.4/1.3/22.0) 6.0/1.8) 640 
Average all analyses (a2), = v=. /67.0)23.2:1223/20.9) 6.011.7) ‘610 
Ensilage. 
6414) Corn and soy bean ensilage, - - |70.1| 2.9/1.3/17.5| 6.5/1.7] 555 
6423} Corn and soy bean ensilage, - - |70.3 2.8) 16) 17.4 6.5/2.0] 540 
Average (2), - = - - |70.2) 2.8)1.2/17.5) 6.5/1.8) 550 
Cured fodders. 

6389] Hay, oat, - - = - - |. 5.3] 6.413.2/49.4/29.8]5.9/1725 
6402| Hay, oat, - = = - - 113.9] 6.0|3.3/45.9/25.1/5.8|1570 
6410| Hay, oat, = - s = - | 7.7| 6.5]/1-5|49.8)29.1/5.4/1650 
6417| Hay, oat, = = = = - | 6.2! 7.5|/2.9/44.5/31.9/7.0|1680 
6427| Hay, oat, = = - - | 9.1] 9.5/2-7/43-3/28.6/6. 8/1630 
Average (<), - = - | 8.4| 7.2/2.7/45.6/28.9/6.2/1650 
Average all analyses ey “ - {10.6} 8.0/3.1/44.1/28.7/5.5)1685 
6395| Hay, timothy, 2 - - | 5.9] 7.3/3-1/48.1/30.2|/5.4|1725 
Average all analyses (6), = - | 9.6) 7.0/2.9 44.830.115.6)1645 
6396) Hay, mixed grasses, = = = || sats 8.0/3.7 48 .3/28.0/6.2 1725 
6406) Hay, mixed grasses, = - S| Seal, eo eA SLAB OCG sO ysis 
6411) Hay, mixed grasses, - = - | 5.6] 6.1/3.6/49.6/30.1)5.0]1745 
6415| Hay, mixed grasses, = - - [15.5] 6.1)2.9/42.5/27.8)5.2|1545 
6418) Hay, mixed grasses, - - - | 9.3] 6.9/3.2|50.3/25.6/4. 7/1675 
6424) Hay, mixed grasses, = = - |10.5| 7.8|3.2/46.8/24.4/7.3/1605 
6426| Hay, mixed grasses, = - - | 8.7] 8.8)/2.7/45.2/28.915. 7/1655 
Average (7), - - - | 8.7] 7.4/8.2/47.7/27.4/5.6)1670 
Average all analyses (56), 2 - |11.8) 7.9/8.0/44.5/28.0/5.3/1620 
6428| Hay, oat and pea, - = = - |10.5/10.5/1.8]37.8/30.9/8.5|1550 
Average all analyses (2), - - |11.3/10.8/1.9/39.8)28. 8. 11545 
6412| Hay, black grass, - S - - | 6.7| 8.8/3.6/49.1/23.8/8.0|/1670 
6420| Hay, black grass, - - = - |12.9| 6.5) 2.7)48.4/22.2/7.3/1550 
Average (2), - - - - | 9.8] 7.6/3.2/48.7/23.0)7.7/1610 
6390} Corn stover, - = = - - | 7.9] 8.2/1.7/43.3/31.9/7.0|1625 
6397| Corn stover, - - - - =e 7 erie Ae) LON ee S2n3| zis LOSS 
6401| Corn stover, - - - - - |27.4| 4.9|1.0/35.4/25.2/6. 1/1260 
6405| Corn stover, - = = - - |10.8| 4.7|2.0|47.0|29.8]5.7|1600 
6409| Corn stover, - - - - - | 9.3] 5.3/1.5/46.9/32.1/4.9|1630 
6419) Corn stover, & = = - |12.6) 5.4/1.3)47.0/28.9)4.8)1565 
Average (6), = 2 - - 112.5) 5.5/1.5/44.5/380.0/6.0)1550 
Average all analyses (211), - |88.7| 3.8|1.2/81.3/20.8/4.2/1090 
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TABLE 82.—( Continued. ) 


Vu 

6 : | = . Es 
Ge || az Seperate bw lhe eyes! 
a | FEEDING STUFFS. 2 3 & oe 2 y je 
S| Pal oe |2s| 2a 

= se | 

vA 

| Seeds. POs 020) Nua7e na aaa pee | eyes 
6551 Soy bean seed, - 2 - « |10,0/36.3/20.6/21.7| 5.8|/5.6|2055 
6552) Soy bean seed, 2 = - - |1£.5|37.3|19.9,20.9) 5.0/5.4/2015 
6554, Soy bean seed, = - - - |10.1/40.0|19.4/21.0] 4.2/5.3)/2030 
| Average (3), - = - - |10.537.920.021.2) 5.05.4'2035 
Average all analyses (38), - - 8.436.918.526.8 3.85.6 2035 

Milling and By-Products. | | 

6391} Corn meal, — - - - - - |10.6) 9.3] 4.3/73.1| 1.4|1.3/1740 
| Average all analyses (28), - - {18.0} 9.5) 4.5)70.0) 1.5/1.5/1695 
6394 Cotton seed meal, - - - = - 7a7 dO. T 10, 2/30.0) 5.07.0/1825 
6400, Cotton seed meal, - z a - | 9.9144.4/12.3/23.1| 3.3/7.0|1835 
6431| Cotton seed meal, - - - - | 7.7/41.7| 9.6/27.6| 6.2/7.2|18r0 
| Average (3), = - - - | 8.4/42.1/10.7/26.9| 4.8/7.1/1825 
| Average all analyses (25), - - | 7.244.211.6/25.8 4.46.8 1875 
6398) Corn and cob meal, VDF) 729) 4 Ol7 Los) 320) G 15 ie plo 
| Average all analyses (20), - - 118.0) 9.5) 4.2'68.5) 8.3/1.5/1690 
'6432| Chicago gluten meal, - - - | 8.7140.5| 2.9/45.1] 1.7/1.1/1745 
| Average all analyses (15), - - | 8.836.9 5.445.5 2.41.0 1805 
6399| Wheat bran, - - - - - | 9.2/15.1| 4.0/56.5| 8.8/6.4|/166s 
6429| Wheat bran, - - - - - | 9.3/15.5| 4.6|53.4/10.6/6.6/1675 
| Average (2), - - - - | 9.8/15.8) 4.3/54.9) 9.7/6.5)1665 
| Average all analyses (51), - - | 9.7 16.8 5.053.4 9.45.7 1690 
6433, Wheat middlings, - E 2 - |£2.4|15.6] 2.09/65 .2) 172 2lrbgs 
| Average all analyses (18), - - |10.4/18.1) 4.9/56.6) 6.0/4.0/1710 
6430, Brewers’ grains, - - - Sl) E46) 25.4 7.3|43.4/14.7/3.3/1860 
6392) Quaker dairy feed, - - - - | 7.5/18.5] 4.0155.3] 9.7/5.0|1720 
6393, Pillsbury’s fancy mixed feed, - - | 8.3/17.4| 4.9|56.2| 8.2/5.0/1730 
6403) Grain mixture, - - = - | 7-9|18.7| 4.9|58.7 6.2/3.6 1760 
6404) Grain mixture, - = - - |12.0/30.1] 5.9/42.3] 6.3/3.4|1715 
6407) Grain mixture, = = : - |10.6]19.2| 5.6/53.5 6.5/4.6 1710 
6408, Grain mixture, = - - - 7.6)32.1) 8.2/42.8] 5.2/4.1/1835 
6413, Grain mixture, - - - - | 8.7/15.3] 4.0/62.0] 5.5/4.5|1710 
6416) Grain mixture, = = = - | 7.6/23.4| 5.7/55.7| 3.813.8|1780 
6421) Grain mixture, - - - - | 9.5|18.3} 4.8/58.5| 5.0/3.9]1725 
6422) Grain mixture, - = - | 8.0/27.0] 6.2/51.7| 4.1|3.0|1800 
6425 Grain mixture, = : - - | 7.3|/25.9| 6.4/48.8] 6.1/5.5/1775 
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Composition of water-free substance of fodders and feeding stuffs 


analyzed in 1899-1900. 


Lab. No. 


FEEDING STUFFS. 


Protein. 
Fat. 
| Nitrogen-free | 
extract. 
Fiber. 
Ash. 


Fuel value. 


6252 
6253 


6254 


6255 
6256 
6257 
6258 


6259) 
6260} 


6414 
6423 


6389 
6402 
6410 
6417 
6427 


6395 


6396 
6406 
6411 
6415 
6418 
6424 
6426 


6428 


6412) 
6420 


6390) 


6397 


6401) 


6405 
6409 
6419 


Green fodders. 


Ensilage, corn, = = 
Ensilage, corn, - - 
Ensilage, corn, - - 
Ensilage, corn, - = 
Ensilage, corn, = - 
Ensilage, corn, - - 
Ensilage, corn, - - 
Ensilage, corn, = - 
Ensilage, corn, - - 
Average (9), = - 
Average all analyses (12), 


Ensilage. 


Corn and soy bean ensilage, 
Corn and soy bean ensilage, 
Average (2), - - 


Cured fodders. 
Hay, oat, - ~ - 
Hay, oat, = - - 
Hay, oat, - - - 
Hay, oat, - = - 
Hay, oat, - - 


ieee (Oh = = 
_Average all analyses (21), 


Hay, timothy, - 


Average all analyses (6), 


Hay, mixed grasses, - 
Hay, mixed grasses, = 
Hay, mixed grasses, - 
Hay, mixed grasses, - 
Hay, mixed grasses, - 
Hay, mixed grasses, - 
Hay, mixed grasses, - 
Average (7), - - - 
Average all analyses (56), 


Hay, oat and pea, - 


Average all analyses (2), 


Hay, black grass, - - 
Hay, black grass, - - 
Average (2), - - 


Corn stover, - = = 
Corn stover, - = = 
Corn stover, - = = 
Corn stover, - = = 
Corn stover, - = = 
Corn stover, = - 


Average (6), é : 


Average all analyses (211), 


ot 


DOW 
Ouw Oo 


Qo pares Do 


ooo 
Dan 


OA0N ADS 
Copy op i os mene) 


DBOKWOKHBWBWW GW CONNW HO Ld 


Sas 
OOAIInNdSL © ODIO NH WOO Ouws3 AMO I~! 


ONHS HI DO BOR HO 
NAAFON wf NOL MO OA 


5S 
OOUNDAHIT OHH OO OHAHUANNAD On 


.27| 1860 
.85) 1860 
. 26/1850 
.55/ 1840 
.93| 1830 


.12 1855 
.19 1855 


Fee 


.63/ 1815 
12/1835 


.22| 1825 
78) 1825 
.84] 1790 


-48|1795 


-49/ 1790 


76/1805 
18 1825 
72| 1830 
.16 1820 


53/1830 
.28| 1840 


.32|/ 1850 
.21/1825 


.20|1845 


.16/1795 
.29) 1815 
4 1830 
0/1825 
7| 1730 
0 1740 
0} 1790 
1| 1775 
0/1785 
.61| 1760 
.83] 1760 
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TABLE 83.—( Continued. ) 


2 j 
an ue tun| eee taney es hele 
2 FEEDING STUFFS. 2 | £ 5 2 % 5s 
ec ie 4 ie vu 
ee Py pam | 

5 ea 

Syne % % / % % | Cal. 
6551| Soy bean seeds, = = 40. 30 22.90/24.07| 6.47 6.26/2285 
6552| Soy bean seeds, - - 42.09)22.49/23.61| 5.67/6.14/2275 
6554| Soy bean seeds, - - 44.50/21.54/23.36) 4.64/5.96)/2255 
| Average (3), - = - 42.30 22.31:23.68 5.59'6.12 2275 
| Average all analyses (38), 40.32 20.19 29.20 4.16)6.13 2220 
Milling and By-Products, | 
6391, Corn meal, __- - 10.42) 4.80/81.76) 1.52/1.50)1945 
Average all analyses (28), 10.96 5.1480.46| 1.73/1.71,1950 
6394| Cotton seed meal, - - 43.40|11.04/32.55| 5.47|7.54|1980 
6400) Cotton seed meal, - - 49.32|13.60)25.67| 3.6417.77|2035 
6431, Cotton seed meal, - - 45.21|10.36|/29.87| 6.73|7.83|1960 
| Average, - - - 45.98 11.67/29.36) 5.28/7.71/1991 
| Average all analyses (25), 47.68 12.46 27.83 4.72)7.31 2020 
6398 Corn and cob meal, - 8.93] 4.51 ‘80.80 4.08}1.68)1935 
Average all analyses (20), 10.94 4. 77 78.74) 3.82,1.73 1940 
6432) Chicago gluten meal, = 44.36) 3.13/49.43| 1.92/1.16|1910 
Average all analyses (15), 40.46) 5. 83 49. 95} 2.65)1.11/1975 
6399| Wheat bran, - = = 16.64! 4.38 62.25| 9.74/6.98|1835 
6429) Wheat bran, - - = 17.10} 5.03) 158. 89/11. 72/7. 26/1845 
Average (2), = = 16.87 4.7160.57:10.73)7.12 1840 
Average all analyses (51), (18.64 5.5459. 1310.42/6.27 1875 
6433| Wheat middlings, - - 17.84] 3.34/74.45| 1.92/2.45/1895 
| Average all analyses (18), 20.19 5.5163.14 6.69/4.47/1905 
6392) Quaker dairy feed, - - 20,01) 4.37|59.80|10.47 5.35/1865 
6430 Brewers’ grains, - : 26.95| 7.72/46.18|15.64|3.51/1975 
6393 Pillsbury’s fancy mixed feed, 19.01) 5.35 61.29) 8.91|5.44|1885 
6403, Grain mixture, - - 20.29] 5.29/63.78) 6.72/3.92/I910 
6404 Grain mixture, = : 34.18) 6.73|48.06] 7.15|3.88)1945 
6407, Grain mixture, > . 21.46) 6.24/59.88| 7.30|5.12|1910 
6408 Grain mixture, - - 34.70) 8.83/46.35| 5.69/4.43/1985 
6413) Grain mixture, - - 16.74| 4.37/67.95) 6.01/4.93|1870 
6416} Grain mixture, - - 20527 6.16/60. 30 4.11|/4.16/1930 
6421) Grain mixture, = : 20.20) 5.31/64.64| 5.53|4.32|1905 
6422) Grain mixture, - - 29.34] 6.69/56.21| 4.49/3.27|1955 
6425| Grain mixture, - - 27.91} 6.88)52.62| 6.62/5.97|IgI0 
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ONG he DIGS TIBILILY ANDSAVAILABIEILY OF 
FOOD MATERIALS. 


BY W. O. ATWATER. 


VO) SS 


As stated in previous reports, the Station has for several 
years cooperated with the U. S. Department of Agriculture in 
experimental inquiries upon the food and nutrition of man. 
These inquiries have included analyses of food materials, de- 
terminations of their heats of combustion and fuel values, 
dietary studies in which observations were made of the kinds 
and amounts of food consumed by people of different classes, 
experiments on the amounts of the nutrients of food digested 
and made available to the body and finally, so-called metabol- 
ism experiments, the purpose of which is the study of some of 
the fundamental laws of nutrition. A large number of these 
latter experiments have been made with the respiration calo- 
rimeter which was described in the Report of the Station for 
1897. The object of these experiments is to study the income 
and outgo of material and energy in the human body and thus 
obtain information regarding the ways in which the body uses 
its food, the values of different food materials for nourishment, 
and the kinds and amounts fitted to the demands of people of 
different classes and under different conditions. 

One important factor of the nutritive value of a given food 
is its digestibility. The word digestibility in popular parlance 
has a by no means definite signification. As used by the 
physiologist it applies to the chemical changes which the food 
undergoes in the alimentary canal in order to fit it for absorp- 
tion and consequent utilization by the body. The particular 
feature of the digestibility of food in this sense is found in the, 
quantities of the several nutrients which are thus digested, ab- 
sorbed and made available to the body. ‘The purpose of the 
present article is to give the results of a considerable number 
of digestion experiments in their bearing upon this especial sub- 
ject, namely, the proportions of the nutrients of food materials 
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which are digested and made available to the body for the chief 
purposes of nutrition, 7. e., the building of tissue and the yield- 
ing of energy. The methods pursued in the experiments and 
the ways in which the results are interpreted have been ex- 
plained in previous reports.* A brief recapitulation will there- 
fore suffice here. 

Of the total food eaten, the larger part is digested, but small 
portions escape the action of the digestive juices and are ex- 
creted in the feces. Along with this undigested residue of the 
food there is in the feces a certain amount of other material 
making up the so-called metabolic products. These metabolic 
products consist largely of the residues of the digestive juices 
which have been poured into the alimentary canal and not re- 
absorbed. They contain, however, more or less of other ex- 
cretory products. Taken together they represent a part of the 
cost of the digestion of the food. 

In the stricter sense, the digestible portion of the food is 
that which is actually taken into the circulation; it would be 
found by subtracting the undigested residues from the total 
food. ‘Thus far, however, no satisfactory and convenient 
method has been devised for separating the undigested resi- 
dues from the metabolic products in the feces, consequently 
the actual digestible portion of the food cannot be easily de- 
termined. But the real object of such digestion experiments 
as are here reported is to find what proportion of food and its 
several ingredients is actually made available to the body; and 
as the whole material of the feces, including the undigested res- 
idue and metabolic products, is, in this sense, unavailable, the 
difference between the amounts of the several constituents of 
the feces and the corresponding constituents of the food, which 
apparently represents the digestibility, actually represents the 
availability of the food. In discussions of this sort the words 
digestible and digestibility are commonly applied to the amounts 
which are thus made available; that is to say, they represent 
the difference between total food and total feces; but inasmuch 
as this difference represents not the total amounts digested but 
the amounts digested minus the metabolic products, the use of 
these terms is not entirely accurate. Instead of the above the 
terms available and availability have been suggested as express- 
ing more exactly the quantities which are actually utilized by 


* Report for 1896, p. 163 and 1897, p. 154. 
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the body for the building and repair of tissue and the yielding 
of energy, and have been so used in previous reports of the 
Station. 

In accordance with the above explanation, the available nu- 
trients of food are found by subtracting the total amounts in 
the feces from the total amounts in the food. In like manner, 
the digestible nutrients, that is, the amounts actually digested, 
would be found by subtracting the total amounts in the un- 
digested residues from the total amounts in the food. The 
difference between the available nutrients and the digestible 
nutrients would thus be represented by the amounts corre- 
sponding to the metabolic products. 

In deference to common usage we here employ the word 
‘‘digestible’’ in some cases as synonymous with ‘‘available’’ 
but with a very definite understanding that such use of the 
term ‘‘digestible’’ and the corresponding term ‘‘ digestibility ’’ 
is not exactly accurate. 

The digestion experiments here reported form part of the 
metabolism experiments with man in the respiration calorim- 
eter. As has been explained in preceding reports, the data of 
the metabolism experiments include statistics of the amounts 
of nutrients consumed in the food and excreted in the feces. 
Furthermore, each metabolism experiment or series of experi- 
ments is preceded by a preliminary period in which the subject 
while outside the respiration chamber receives the same kind 
of diet, and the amounts of nutrients in the food and feces are 
determined. The data thus secured give important informa- 
tion regarding the digestibility and availability of the nutrients 
of mixed diet. 


Subjects.—Three different men served as subjects of the ex- 
periments. They were all young, active, in excellent health, 
their digestion was apparently normal, and they did not find 
the conditions of the experiment irksome. E. O., an assistant 
in the laboratory, was a Swede who had lived a number of 
years in this country. He was 32 years old, and weighed 
about 70 kilograms (154 pounds). J. F. S., a chemist assist- 
ing in conducting the metabolism experiments, was a Cana- 
dian, 29 years old, and weighing about 65 kilograms (145 
pounds). J. C. W. was a college student, an American, 22 
years of age and weighing about 80 kilograms (176 pounds). 


13 
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Occupation.—The metabolism experiments were both rest and 
work experiments. During the period preliminary to the rest 
experiments the subject was generally engaged in his usual oc- 
cupation, but avoided muscular exertion, conforming his activ- 
ities as much as possible to those of the coming calorimeter 
experiment; during his sojourn in the respiration chamber he 
remained as quiet as practicable. In the work experiments 
the subject spent the preliminary period at his regular occupa- 
tion, and in addition, walked or rode a bicycle out doors a con- 
siderable distance each day in pleasant weather, or exercised 
upon a ‘‘home trainer’’ within doors in stormy weather. 
During the period within the chamber he spent eight hours 
each day regularly operating a stationary bicycle arranged as 
an ergometer. ‘The purpose was to perform a reasonable but 
not excessive amount of work. In only one experiment was 
the work at all severe. 


Diet.—The diet provided palatable food materials with as 
much variety as was consistent with convenience in prepara- 
tion and accuracy in sampling and analyzing. For the sake of 
greater accuracy the number of different materials used was 
somewhat less in the later than in the earlier experiments. 
The quantities of nutrients in the diet were in general such as 
to maintain the body nearly in nitrogen and carbon equilibrium 
under the conditions of the experiment. Ina few cases, how- 
ever, in which the muscular work was considerable the diet 
was not quite sufficient for body maintenance and there was 
consequently more or less draft upon the store of body mate- 
rial. The purpose of the preliminary digestion period was to 
accustom the subject to the diet and to determine whether 
under the conditions of the experiment nitrogen equilibrium 
could be maintained on the diet provided. Any change in diet 
found necessary or desirable was made during this period; this 
will explain the slight discrepancies seen in some of the tables 
between the quantities of food in the preliminary period and in 
the calorimeter period. 


Method.—The general plan of the experiments was the same 
as has been previously described. Much care was taken in pre- 
paring the food materials selected for the diet, and in taking 
samples for analysis. ‘The separation of the feces was made 
by means of lampblack administered in gelatin capsules with 
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the last meal immediately preceding each experiment and with 
the last meal of each experiment. The total amount of feces 
for each experiment was collected and prepared for analysis. 
The food materials and feces were analyzed according to the 
methods ordinarily followed in this laboratory. The urine 
was collected for the preliminary period as well as for the 
metabolism period. The bladder was emptied just before the 
first meal was taken and all urine was collected thereafter dur- 
ing the experimental periods and the day following the last 
period. The nitrogen and energy of the urine were deter- 
mined, so that each digestion experiment includes also a ni- 
trogen metabolism experiment. 

_ As explained above, the differences between the nutrients 
in the food and the corresponding ingredients in the feces are 
taken as representing the amounts of the nutrients digested 
and made available to the body for the purposes of nutrition. 
The amount of each nutrient thus made available divided by 
the amount in the food gives the percentage or coefficient of 
availability. 

Not all the energy of the available food is utilized by the 
body. A portion of the protein of the food is excreted by 
the kidneys not completely oxidized. The available energy 
is therefore the energy of the available nutrients less the en- 
ergy of the materials excreted in the urine. For nearly all of 
these experiments the quantity of energy in the urine has been 
directly determined. ‘This determination was interfered with 
in some of the preliminary experiments and in them the energy 
of urine has been calculated by multiplying the quantity of 
available protein by the factor 1.25, it having been found ina 
number of experiments with healthy men with normal excre- 
tion by the kidneys that for every gram of protein absorbed 
there was on the average 1.25 calories of energy in the unoxi- 
dized materials of the urine. 

The tables and descriptions which follow give the details of 
fifty digestion experiments which form part of the met- 
abolism experiments. ‘The first six of these were published in 
a former report of the station,* but are repeated here because 
the results as calculated according to revised data differ slightly 
from those already recorded. The remaining experiments in- 
clude all those not hitherto published. Besides those here given, 


* Report for 1897, pp. 159-166. 
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the results of fourteen other experiments made in connection 
with metabolism experiments for another purpose, but also giv- 
ing valuable information regarding the availability of food in 
mixed diet, have been published elsewhere.* 


DETAILS OF DIGESTION EXPERIMENT NO. 37. 

This experiment, which represents the preliminary period of 
metabolism experiment No. 5, began with breakfast April 26, 
1897, and continued eight days, with 24 meals. ‘The subject, 
E. O., weighed with clothes, 69.3 kilos at the beginning and at 
the end of the experiment. During the experimental period 
he was engaged in his usual duties as laboratory assistant, which 
were not arduous. 


TABLE 84. 
Digestion experiment No, 37. 


J Gi 
é Relics re | § 
a aoe | 5a) Ges 
2 Stool] dude's (eal al cena 
2 - ates) be Oe Ss lee ae 
s KIND OF Foop. ts | g, | § © & hee aes | 88 
: Pcie (eck fete 2 oy 
re} om | | & ees 
a Oo | @ ate) | am 
Hy ‘ eects u 
an nes | $d 
Gms Gms) Gms | Gms. Gms Gms} Gms) Cal. 
| | | | 
2782| Beef, fried, - - - 965| 330] 44.3) 277) 53) — 17| 2034 
2783| Beef, dried, - - - 2002.05) 127/58) 5 49} ko) —— 15| 406 
2781| Eggs, - - - : 853| 201| 17.1| 107} 94) — 8| 1517 
2785| Butter, - - - - 275| 246 BG B12 A385 — 7, 2214 
2784| Milk, - - - - | 6200] 861) 35.7 223 334) 304) 48) 5524 
2802 Bread, rye, = - | 2525/1374] 34.4] 196| 8|1170| 40} 6105 
— | Wheat breakfast fond - 50] 45 8 1 Pee re <0 et” 9 [0 
2786| Sugar, - - - 300 F200 ly Sime | — | 300] — | 1188 
2780 Beans, baked: - - - | 1000] 291} 12.6) 79 6} 206} 22) 1341 
2779| Pears, canned, - - - | 1200} 243) _.6 3] 11) 228) 2) 934 
Total,- - -  - |£3568/3956|153.8| 942] 766\2247) 161|21467 
2805| Feces, - - - - 778] 160] T1.2| 70] 46) 44) 40} 1053 
| Urine, - - - - Sab Seats || pereet toe —— Freese IO0gO 
| Amount available, - -| — 3796) 142.6) 872| 720\2203| 121|19324 
| % | % | %| %|%| %| % 
| Coefficients of availability, 96.0) 92.7/92.6\94.0.98.0/75.2| 90.0 


During this experiment the subject eliminated 8648.0 grams 
urine, containing 142.6 grams nitrogen. ‘The average nitrogen 
balance per day was therefore as follows: Income in food, 


* Memoirs of the National Academy of Sciences, Volume VIII., Sixth Memoir, 1902. 
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19.2 grams; outgo in urine, 17.9 grams; and in feces, 1.4 
grams; implying a loss of .1 gram nitrogen, corresponding to 
.6 gram protein. 


DETAILS OF DIGESTION EXPERIMENT NO. 38. 

This experiment represents the period of metabolism experi- 
ment No. 5 spent in the respiration chamber. It began with 
breakfast May 4, 1897, and continued four days, with 12 meals. 
The subject, E. O., weighed with clothes 69.3 kilos at the be- 
ginning, and 68.8 kilos at the end of the experiment. During 
the experiment he remained as quiet as practicable. 


TABLE 85. 
Digestion experiment No. 38. 


: a | g 
a) mae u Gs 
5 eit eal k= alae w 5 oO 
: Bee doe pehlarlies dca ieee 
el KIND OF FOOD. a a o 3 S 2 a | of 
on pe) H Fak <q Oo. 
Zool sey i 5S a ° ay U 
| “3 Only re Ou 
oF oD = a p=) 
Ss wv & d) i= 
H ro) are 
Ee epee WERE 
| Gms} Gms} Gms Gms} Gms] Gms Gms Cal. 
2782, Beef, fried, - : - | 480] 164/22.1) 138] 26) — 8) 1012 
2783) Beef, dried, - - - =| LOO} 33) °4.0) 25 8} — 8} 203 
2781| Eggs, - = = - Se SOU OO yagi ao 425 — 4| 677 
2785, Butter, = = = =| rex) Te Sane 1} 124) — 4) 1127 
2784) Milk, - = = = = |3100| 431/17.9, 112) 167| 152) 24] 2762 
2802) Bread, rye, - - - - |1300| 707|17.6; I0o 4| 603) 21) 3143 
2786; Sugar, - - - = = |) SEOy UO). Sa || TeV —— 555 
2780, Beans, baked, - = - | 500] 145| 6.2! 39 3) 0103) aaeler mnOne 
2779| Pears, canned, - - - | 600] 121) .3, 2 5} 114 I] 467 
otal - - - 16741/1956/75.9, 465| 379/1112| 81|/10617 
2806] Feces, - = - - - | 502} 90] 6.6) 41) 2 26] 20] 573 
| Urine; = = = = uli ee aeetteen eee lca dt ee 512 
Amount available, = - | — |1866)69.3) 424) 356/1086| 61) 9532 
| % | % | %|%| %| %| % 
| Coefficients of availability,  - _ 195.4/91.3 91. 2/93.9|/97.7 75 .3| 89.8 


During this experiment the subject eliminated 9120.8 grams 
urine, containing 72.3 grams nitrogen. The average nitrogen 
balance per day was therefore as follows: Income in food, 19.1 
grams; outgo in urine, 18.1 grams, and in feces, 1.7 grams; 
implying a loss of .7 gram nitrogen, corresponding to 4.2 
grams protein.. ; 
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DETAILS OF DIGESTION EXPERIMENT NO. 39. 


This experiment, representing the preliminary period of 
metabolism experiment No. 6, began with breakfast May 14, 
1897, and continued four days. The subject, E. O., weighed 
without clothes, 68.6 kilos at the beginning and 66.2 kilos at 
the end of the experiment. During the period he worked sev- 
eral hours each day, at his usual occupation, and riding a 
bicycle over country roads or working a stationary machine 
indoors. ‘The amount of work performed was more than that 
to which he was accustomed. The quantity of protein in the 
diet was the same as in the preceding experiment but the 
energy was largely increased on account of the work. 


TABLE 86. 
Digestion experiment No. 39. 


te a ke | Z 
a Spa loess S 
3 Seles. bee) Sead 
= w dq g | @ Bo 
§ — | Sapell oa: ; |g leo) Se 
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ie = il So a eis ov 
2 areal | 5 gt 
2 ze |S | Ss 
= - ———— a | 
Gms Gms|Gms|Gms,| Gms Gms) Gms) Cal. 
2789) Beef, fried, - = = - | 400] I54)19.0| T19) 35) — 8} 968 
2788| Ham, deviled, - = = (200) TL2| e556), 835 77) —s |) ecole 
2790) Eggs, - e = - = | 208] 53) 4.6] 209] 24) — 2) 401 
2793| Butter, - - - - | 300] 265] 0.5 3) 202) — 7| 2386 
2799| Milk, - = : - - |3400] 476|16.3| 102] 184] 190] 24] 3179 
2803, Bread, white, - - - |1800] 988/23.8] 136] 29) 823} 22] 4572 
2786| Sugar, - - - - = 1" 200|:200)! ==) ——) |=)" 200|n— 792 
2791, Beans, baked, - - - | 500] 134] 5.8] 36 2| 96 g| 611 
2792| Pears, canned, - - - |1200] 221] 0.6} 4/ 2] 215) 3] Tt 
| otal eee = = - |8218/2603|76.2| 464) 615|1524| 84|14734 
2807| Feces, - = = - =| AS7| LEe 75) agi 20) 36s 2ceeos 
| Urine, - - - - mesh eT Meal) cialis ble Geet Sa | 386 
| Amount available, - - | — |2491/68.7| 417} 586|1488} 61/13580 
| % | %|%|% | %| % | % 
| Coefficients of availability, - | * |95.7 g0.1/89.9 95 -3/97.6 7226|| Oboe 


During this experiment the subject eliminated 3680.2 grams 
urine, containing 44.6 grams nitrogen. The average nitrogen 
balance per day was therefore as follows: Income in food, 
Ig.I grams; outgo in urine, 11.1 grams, and in feces, I.9 grams; 
implying a gain of 6.1 grams nitrogen, corresponding to 38.1 
grams protein. 
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DETAILS OF DIGESTION EXPERIMENT NO. 40. 

This experiment, the part of metabolism experiment No. 6 
spent in the respiration chamber, began with breakfast May 
18, 1897, and continued four days. Thesubject, E. O., weighed 
without clothes, 66.2 kilos at the beginning and 66.7 kilos at 
the end. During the experiment he worked eight hours each 
day on a stationary bicycle arranged as an ergometer. ‘The 


diet was practically the same as in experiment No. 39. 


ARIE 37). 


Digestion experiment No. 40. 


‘ u : 
5 =| 2 | 8 
way aed es o ee 
SI = A sien eres e Be 
Ga q = uv B= f us| 
wv = - & c oh vu wey Ko) a ae 
- KIND OF FOOD. oe q ° ~ Ss ia H os 
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Soh dee late 2 Cy 
He) on = = he) 
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Gms} Gms! Gms} Gms} Gms} Gms} Gms) Cal. 
2789| Beef, fried, - - - = | 400] 154/19.0] I19g} 35) — 9g} 968 
2788) Ham, deviled, S - = e2O0| LOWS Sole 74a tell | feiy/at 
2790| Eggs, - = = - =| 216) 54) 4.8] 30) 24) — Py felii(6) 
2793| Butter, - - - - | 300] 265) .5 3) 262| — 7| 2386 
2799| Milk, - Z ‘ : - 13400] 476|16.3] 102| 184] 190] 24] 3179 
2803| Bread, white, - = - |1800] 988/23.8] 136] 29] 823) 22) 4572 
2786) Sugar, - - : - =n ZOO 200) al 200} 792 
2791| Beans, baked, = = Et SOO LSA Sia7| gO 2} 96 g| 611 
2792| Pears, canned, - Z - |t200] 221) .6| 4} 2} 275] 3] tt 
otal \é2- s 2 - |$216|2599/76.0| 463] 612|1524| 84/14706 
2808] Feces, - : : = - | 465| 83] 6.1; 38] 19} 26) 17) 555 
Urine, - - = - = — a io | ae = | = = 501 
Amount available, - -|— 2516 69.9) 425| 593\1498| 67|13650 
| %\%1%|%| %| %| % 
| Coefficients of availability, - | 96.8 92.091 .8/96.9/98 .3/79.8] 92.8 
| | | | 


During the experiment the subject eliminated 4797.8 grams 
urine, containing 65.1 grams nitrogen. ‘The average nitrogen 
balance per day was therefore as follows: Income in food, 
19.1 grams; outgo in urine and perspiration, 16.5 grams, and 
in feces, 1.5 grams; implying a gain of I.1 grams nitrogen, 


corresponding to 6.9 grams protein. 
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DETAILS OF DIGESTION EXPERIMENT NO. 43. 

This experiment, the preliminary period of metabolism ex- 
periment No. 8, began with breakfast November 8, 1897, and 
continued four days. The subject, E. O., weighed with clothes, 
72.1 kilos at the beginning and 71.6 kilos at the end. During 
the period he took but little active exercise aside from his 
regular work, which was light. 


TABLE 88. 


Digestion experiment No. 43. 
AE 5 
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e Oa See ie | | a ee 

=| de N Beal Scek | te | SE ea este 

S KIND oF Foop. oe S Reroute £ | > | g | 88 
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S| Cake Pec laas 

a a q 

| Gms Gms Gms Gms Gms/| Gms Gms Cal. 
2820 Beef, fried, - : : - | 600] 227/26.4| 165] 62} —| 13] 1487 
2818} Eggs, - - - = =| 413) 96} 8.2} 51) 45) —-| 4) 747 
2827) Butter, = = - - | 140] 121] 0:3} 2 I19) — 5} 1089 
2826| Milk, - - = - - |3400) 486/18 .6) 116, 173|*197| 21) 3067 
2814| Bread, rye, - : : - |1310| 806|2r.0] 120] 5] 681| 22] 3627 
Sugar, - = = = - | 160 160) — | — | — | 160, — | 634 
2816| Beans, baked, ..- . - = | 500] 133) 5.4| -34| a|. oS) wal)MGen 
2522| Apples, = - = - | 800} 114] 0.3} 2 4| 108) 2) 468 
| Total, - - - - |7328/2143/80.2| 490| 409/1244) 78|11740 
2824| Feces, - = Z > - | 442| 99] 7.0) 44| 23] 32) 21| 632 
| Urin,- - - - -|=—|—|—|—|—|—|—| 558 
| Amount available, - - | — |2044|73.2) 446] 386/1212| 57|10550 

| | | | | | 

Tom || A%agi | omen Cam ees % 

| Coefficients of availability. - | 95 .4/91.3/91.0/94.4/97.4/73.1| 89.9 


During this experiment the subject eliminated 5642.7 grams 
urine, containing 56.6 grams nitrogen. ‘The average nitrogen 
balance per day was therefore as follows: Income in food, 
20.1 grams; outgo in urine, 14.2 grams, and in feces, 1.8 
grams; implying a gain of 4.2 grams nitrogen, corresponding 
to 25.6 grams protein. 
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DETAILS OF DIGESTION EXPERIMENT NO. 44. 

This experiment, the period of metabolism experiment No. 8 
passed in the respiration calorimeter, began with breakfast 
November 12, 1897, and continued four days. The subject, 
E. O., weighed without clothes, 67.6 kilos at the beginning 
and 66.5 kilos at the end. During the experiment the subject 


remained as quiet as practicable. 


TABLE 89. 
Digestion experiment No. 44. 
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2821| Beef, fried, - - = - | 600} 232/30.2) 189} 43) — 10} 1446 
2819| Eggs, - = = 2 Si gsOlee Sole yes 47 4 0|e— 4| 682 
2827) Butter, = = < AeA ©) ol) eS tee 2) NTA he 5) 1089 
2826) Milk, - - = - - |3400] 486|18.6) 116) 173) I97| 21| 3067 
2815| Bread, rye, - - - - |1300] 796/20.6| 117| 1} 678] 22) 3572 
=) | Suganes >= ae a - | 160] 160) — | — | — | 160] — | 634 
2817| Beans, baked, - - # FOO eD30| 05 3/133 2| 95] It] 604 
2823| Apples, - - - - | 800 120,0.3/ 2) 4):‘I14 2) 494 
fotalt ss = 2 - |7280|2133/82.8) 506] 383|1244| 75|/11588 
2825| Feces, - = S = E284 Olas cOl}, ust lmeali7 is 22 aa O|mt Or 
Urine, - = = : I eS ee a Sea Pe eee emc IN Lik ios 
Amount available, - - | — |2063/77.8) 475| 3661222) 59/10511 
% | %| % | % | % | % | % 
| Coefficients of availability, - 96.7 94.0.93.9/95.6 98.2 78.7| 90.7 


During this experiment the subject eliminated 9272.5 grams 
urine, containing 78.0 grams nitrogen. ‘The average nitrogen 
balance per day was therefore as follows: Income in food, 
20.8 grams; outgo in urine, 19.5 grams, and in feces, 1.3 
grams; implying that there was neither a gain nor a loss of 
nitrogen. 
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DETAILS OF DIGESTION EXPERIMENT NO. 45. 

This experiment, preliminary to metabolism experiment No. 
g, began with breakfast January 6, 1898, and continued four 
days. The subject, E. O., weighed without clothing, 67.9 
kilos at the beginning and 68.4 kilos at the end. He was occu- 
pied in his usual duties about the laboratory, but did as little 


muscular work as practicable. 


TABLE 90. 
Digestion experiment No. 45. 


A lite g 2 
oO | od + c = 
ay || iso} me pores 
= | se aaah Metal ey = 29 
5 : Flag] e®/s}e)/3) 4] Ba 
5 KIND OF FOop. St wo ° 5 & i a og 
Z Wri OSS) 3 Si ag 
, lpetes ° Z py é ov 
He) | Oo = w pas 
a or is 3) ie 
i Brine fs 
Gms Gms|/Gms|Gms| Gms} Gms Gms) Cal. 
2835, Beef, - = z é - |1000] 310|41.0] 256] 54) — | 16] 1928 
2836, Milk, skimmed, - = - |2920] 248/15.4| 96 3] 149) 23) 1148 
2833, Butter, = = = =i 2OO NI ZI oi3 2| 170) — 8} 1552 
2834| Bread, - = = = - | 400] 212) 5.4| 31 I} 180 10 960 
2830 Wheat breakfast food, - - | 500] 446] 8.0} 46 8) 392} 16} 2036 
2829) Ginger snaps, - - - | 240] 219] 2.2} 13) 23] 183} 9] 1046 
2832| Sugar, - - - “ = i920) B20) toe Ona 
2831 Maize breakfast food, - = |200 182 3.4| 20 18} 144} 7| 889 
‘Motaly y= = - + 15780 2109/75.7 464) 277/|1368| 8g 10825 
2837) Receso5. j=. 40 530 6 2 1 64822 |"6.0) 43). 122)> 57.624 arene 
Urine, - - - - aid eral areal (oxaet Meaeiti or. Pew hye cs (0 MS 
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Coefficients of availability,  - 94.2|/90.9)90.8 92.1 95.8 93.0} 88.5 


During this experiment the subject eliminated 5104.2 grams 
urine, containing 77.6 grams nitrogen. ‘The average nitrogen 
balance per day was therefore as follows: Income in food, 
18.9 grams; outgo in urine, 19.4 grams, and in feces, 1.7 
grams; implying a loss of 2.2 grams nitrogen, corresponding to 


13.8 grams protein. 
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DETAILS OF METABOLISM EXPERIMENT NO. 46. 


This experiment, representing the period of metabolism ex- 
periment No. 9g passed within the respiration calorimeter, 
began with breakfast January 10, 1898, and continued four 
days. The subject, E. O., weighed without clothes, 68.4 kilos 
at the beginning and 67.2 kilos at the end. As this was a 


rest experiment the subject had as little muscular activity as 


practicable. 
TABLE QI. 
Digestion experiment No. 46. 
re Bole 
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Z » u Pe) a i) wv 
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2835| Beef, - - = = - |1000} 310|41.0) 256) 54) — 16| 1928 
2836) Milk, skimmed, - = - |3032| 258|/16.0] 100 3) 155] 24] 1192 
2833) Butter, : = = - | 200] 172} 0.3} 2] 170} — 8] 1552 
2834| Bread, - = = = - | 400] 212] 5.4) 31 I| 180] 10} 960 
2830| Wheat breakfast food, - - | 500] 446] 8.0] 46 8] 392} 16) 2036 
2829) Ginger snaps, = = - | 240] 219] 2.2) 13] 23] 183 9g} 1046 
2832) Sugar, - - - - Sie 20/6320 een 20a e200 
2831| Maize breakfast food, - - | 200) 182] 3.5} 21/18] 143) 7} 889 
| Total, . = - - = 15892 2119|76.4| 469) 277)1373| 90/10869 
2838| Feces, - z = = 27 )424) Ob) 5.0 32) 21748) To) 1504 
Urine, - = = = -|—}|—|—|/—|—|—]— 548 
Amount available, = - | — |2023/71.4| 438| 260|1325| 71| 9706 
| Tae Tat Caner Gane Io Na Te 
| Coefficients of availability, - 95.5/93.5/83.4/93.9|96.5|78.9| 89.3 


During this experiment the subject eliminated 6702.4 grams 
urine, containing 73.7 grams nitrogen. ‘The average nitrogen 
balance per day was therefore as follows: Income in food, 
I9.I grams; outgo in urine, 18.4 grams, and in feces, 1.3 
grams; implying a loss of .6 gram nitrogen, corresponding to 


3.6 grams protein. 
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DETAILS OF METABOLISM EXPERIMENT NO. 49. 

This experiment, which was preliminary to metabolism ex- 
periment No. 11, began with breakfast March 18, 1898, and 
continued four days. ‘The subject, E. O., was not weighed at 
the beginning of the experiment, but at the end weighed with- 
out clothes 70 kilos. As the subject was to work during the 
metabolism experiment he took a considerable amount of ex- 


ercise on a bicycle and otherwise in addition to his regular 


duties. 
TABLE 92. 
Digestion experiment No. 49. 
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2851| Beef, - - - - - | 680} 216/29.9} 187] 29) — 12} 1306 
2853) Butter, - = = - | 480] 409} .6 4} 405) — I2| 3719 
2854) Milk, skimmed, - - - |3000] 252/15.8] 99] 3] 150] 21] 1143 
2852| Bread, - - - - - |1200| 673|/17.1| 98] 18] 557| 14] 3090 
2842 Maize breakfast food, - - | 440) 411; 8.3] 50} 36} 325 8) 1952 
2840| Wheat breakfast food, - - | 300] 272] 5.3] 30] 4] 238) 6) 1216 
2841) Ginger snaps, - : 2\|- 300} 278\" 207/|)) Ole aig L243 g| 1274 
So) SURAT = Be a aay nee ld A pO ITS | oer ae | oa 
otal yar 2 2 - |6840/2951/79.7| 484] 514/1953|. 82)15442 
2849| Feces, = = - = = | 524) 125) 7-5) 47] 35) 43). 20) 790 
Urine, - é “ e Sie Se — —|—|- 546 
Amount available, - - | — |2826/72.2! 437] 479|1910| 61|14106 
Go| %: |% | % | os an page 
Coefficients of availability, - 95 .8)90.6 90.3/93.2/97.8|74.4| 91.4 


During this experiment the subject eliminated 3404.3 grams 
urine, containing 51.4 grams nitrogen. ‘The average nitrogen 
balance per day was therefore as follows: Income in food, 
19.9 grams; outgo in urine, 12.9 grams, and in feces, 1.9 
grams; implying a gain of 5.1 grams nitrogen, corresponding 


to 31.9 grams protein. 
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DETAILS OF METABOLISM EXPERIMENT NO. 50. 


This experiment, representing the part of metabolism experi- 
ment No. 11 passed in the chamber of the calorimeter, began 
with breakfast May 22, 1898, and continued four days. ‘The 
subject, EK. O., weighed without clothes, 70 kilos at the begin- 
ning and 68 kilos at the end. He worked eight hours each day 
upon the stationary bicycle. 


TABLE 93. 


Digestion experiment No. 50. 
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2851| Beef, - = 2 s - | 680] 216/29.9| 187] .29] —| 12] 1306 
2853| Butter, ps 3 é - | 480] 409) 0.6] 4] 405} — | 12] 3719 
2855, Milk, skimmed, - = - |3000) 252/15.8| 9g9| 3] 150] 24] 1143 
2852) Bread, - = = ~ - |£200| 673)/17.1| 98 18] 557 I4 3090 
2842| Maize breakfast food, - - | 440) 411} 8.3] 50) 36] 325 8) 1952 
2840) Wheat breakfast food, - ZOO) 327215 43) 130 4| 238 6) 1216 
2841) Ginger snaps, = = - | 300) 278) 2.7) 16] 19] 243] 9] 1274 
— | Sugar, - = - = =a ABO N4dO lee Uae | 440 ae rae 
| Total, - - - = = |6840)2951/79.7| 484] 514|1953| 85|15442 
2850| Feces, - - - - - | 563] 141] 9.0} 56) 36) 4o] 24) 875 
Urine, - = 2 = =|) =) = ——- —|-—|-|- 535 
| Amount available, z - | — |2810|70.7| 428] 478|1904| 61/14032 
| | % | %|%|% | % | %| % 
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During this experiment the subject eliminated 3847.1 grams 
urine, containing 71.5 grams nitrogen. The average nitrogen 
balance per day was therefore as follows: Income in food, 
19.8 grams; outgo in urine and perspiration, 18.1 grams, and 
in feces, 2.2 grams; implying a loss of .5 gram nitrogen, cor- 
responding to 3.0 grams protein. 
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DETAILS OF METABOLISM EXPERIMENT NO. 76. 


This experiment, preliminary to metabolism experiment No. 
13, began with breakfast November 4, 1898, and continued 
four days. ‘The subject, E. O., performed his usual duties 
about the laboratory but avoided muscular activity as much as 
practicable. His weight at the beginning of the experiment 
was not taken, but at the end just before entering the calorim- 


eter it was without clothes 69.4 kilos. 


TABLE 94. 
Digestion experiment No. 76. 
Bae : 
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2962| Beef, - E : : - | 940] 254/37.6| 235) 19) — | 23] 1482 
2956) Butter, > - - = | Too} 164) ¥.3}09 2). 262) .— 7| 1483 
2957, Milk, whole, = = - [2550] 326/14.3] 8g] 115] 122] 20] 2037 
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2960) Maize breakfast food, - - | 200] 185] 3.5] 20} 127] 148) 4] 893 
2963) Bread, - - - = - |r100| 678|15.2| 87} 56] 535| 13] 3263 
2961) Cookies, - - ~ Ei LOON E505 a BIG S| NED 77h eas 
— | Sugar, - - 2 = - | 150] 155| — | — | | 155] — | 614 
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During this experiment the subject eliminated 5044.0 grams 
urine, containing 72.1 grams nitrogen. The average nitrogen 
balance per day was therefore as follows: Income in food, 
18.9 grams; outgo in urine, 18.0 grams, and in feces, .6 gram; 
implying a gain of .3 gram nitrogen, corresponding to 1.9 


grams protein. 
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DETAILS OF METABOLISM EXPERIMENT NO. 77. 


This experiment, forming the part of metabolism experiment 
No. 13 spent in the respiration chamber, began with breakfast 
November 8, 1898, and continued three days. As this was a 
rest experiment the subject, E. O., was to remain as quiet as 
practicable while within the respiration chamber, but he moved 
about rather more than in earlier and later experiments of a 
similar kind. His weight without clothing at the beginning 


of the experiment was 69.4 kilos and at the end 69.6 kilos. 


TABLE 95. 
Digestion experiment No. 77. 
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During this experiment the subject eliminated 8361.7 grams 
urine, containing 76.5 grams nitrogen. ‘The average nitrogen 
balance per day was therefore as follows: Income in food, 
18.7 grams; outgo in urine, 19.5 grams, and in feces, 1.1 
grams; implying a loss of I.9 grams nitrogen, corresponding 


to 11.7 grams protein. 
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DETAILS OF METABOLISM EXPERIMENT NO. 78. 

This experiment, preliminary to metabolism experiment No. 
14, began with breakfast December 17, 1898, and continued 
three days. The subject, E. O., was not weighed at the be- 
ginning of the experiment but at the end he weighed 63.6 
kilos. As metabolism experiment No. 14 was a rest experi- 
ment the subject during the preliminary period took as little 


muscular exercise as possible outside of his regular duties. 


TABLE 96. 


Digestion experiment No. 78. 
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2968) Bread, - - - - - | 825 47010.4) 59 23) 388) 11/2236. 
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| Sugar, - - - - =) 3992) L92|0—=) ie tse oh 2 a aes 
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2973| Feces, - - - - =} 247) 3511335) 922) STO Se esolaaas 
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% | % | %|%|% | % | % 
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During this experiment the subject eliminated 2629.7 grams 
urine, containing 50.2 grams nitrogen. ‘The average nitrogen 
balance per day was therefore as follows: Income in food, 
II.3 grams; outgo in urine, 13.4 grams, and in feces, .g gram; 
implying a loss of 3.0 grams nitrogen, corresponding to 18.8 


grams protein. 
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DETAILS OF DIGESTION EXPERIMENT NO. 79. 

This experiment, representing the part of metabolism experi- 
ment No. 14 within the respiration calorimeter, began with 
breakfast December 20, 1898, and continued four days. ‘The 
weight of the subject in his underclothing at the beginning 
was 63.6 kilos and at the end 62.6 kilos. ‘The subject was as 


quiet as practicable while in the calorimeter. 


TABLE 97. 
Digestion experiment No. 79. 
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I | 


During this experiment the subject eliminated 5798.0 grams 
urine, containing 64.9 grams nitrogen. The average nitrogen 
balance per day was therefore as follows: Income in food, 
15.1 grams; outgo in urine, 16.2 grams, and in feces, .g gram; 
implying a loss of 2.0 grams nitrogen, corresponding to 12.5 


grams protein. 


14 


198 STORRS AGRICULTURAL EXPERIMENT STATION. 


DETAILS OF DIGESTION EXPERIMENT NO. 84. 

This experiment, a part of metabolisn1 experiment No. 23, 
began with breakfast March 16, 1899, and continued three 
days. ‘The subject, E. O., weighed without clothes 72.9 kilos 
at the beginning and 72.7 kilos at the end. During the ex- 
periment he had as little muscular activity as possible. 


TABLE 98. 
Digestion experiment No. 84. 
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3032| Bread, - - - - - | 930) 542 11.8 74| 31| 437) 12) 2687 
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1% | % | % | %|% | %| % 
Coefficients of availability, - 196.5|94.3 94.3/94.7|97.8)/70.0| 90.0 


During this experiment the subject eliminated 6575.3 grams 
urine, containing 56.9 grams nitrogen. ‘The average nitrogen 
balance per day was therefore as follows: Income in food, 
19.8 grams; outgo in urine, 19.0 grams, and in feces, 1.1 
grams; implying a loss of .3 gram nitrogen, corresponding to 


1.6 grams protein. 
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DETAILS OF DIGESTION EXPERIMENT NO. 85. 

This experiment, forming part of metabolism experiment 
No. 24, began with breakfast March 19, 1899, and continued 
three days. The subject, E. O., weighed without clothing, 
72.7 kilos at the beginning and 72.9 kilos at the end. He 
remained as quiet as possible during the period. ‘The diet 
contained an excess of carbohydrates in the form of sugar. 


TABLE 99. 
Digestion experiment No. 85. 
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3032| Bread, - = = = - | 930) 542/11.8} 74) 31] 437| 12| 2687 
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During this experiment the subject eliminated 5957.9 grams 
urine, containing 54.8 grams nitrogen. ‘The average nitrogen 
balance per day was therefore as follows: Income in food, 
19.8 grams; outgo in urine, 18.2 grams, and in feces, 1.3 
grams; implying a gain of .3 gram nitrogen, corresponding to 


1.7 grams protein. 
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DETAILS OF DIGESTION EXPERIMENT NO. 147. 


This experiment, which was preliminary to metabolism ex- 
periment No. 25, began with breakfast January 19, 1900, and 
continued four days. The subject, J. F. S., was a chemist, 
employed in connection with the investigations. His duties 
were not arduous. His weight in underclothing at the end of 
the period was 63.8 kilos. This was the first experiment with 
this subject. According to the purpose of the metabolism ex- 
periment the diet contained an excess of fat. 


TABLE 100, 
Digestion experiment No. 147. 
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During this experiment the subject eliminated 4523.5 grams 
urine, containing 66.5 grams nitrogen. ‘The average nitrogen 
balance per day was therefore as follows: Income in food, 17.6 
grams; outgo in urine, 16.6 grams, and in feces, 1.0 grams; 


implying neither gain nor loss of nitrogen. 
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DETAILS OF DIGESTION EXPERIMENT NO. 148. 

This experiment, the second period of metabolism experi- 
ment No. 25, began with breakfast January 23, Igo0, and 
continued three days. The subject, J. F. S., weighed the 
same at the end as at the beginning, 63.8 kilos. As this was 
a rest experiment he remained quiet while in the respiration 


chamber. The diet contained an excess of fat. 


TABLE 101. 


Digestion experiment No. 148. 
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During this experiment the subject eliminated 3738.0 grams 
urine, containing 49.2 grams nitrogen. ‘The average nitrogen 
balance per day was therefore as follows: Income in food, 17.7 
grams; outgo in urine, 16.4 grams, and in feces, I.o grams; 
implying a gain of .3 gram nitrogen, corresponding to 1.9 


grams protein. 
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DETAILS OF DIGESTION EXPERIMENT NO. 149. 


This experiment, preliminary to metabolism experiment No. 
26, began with breakfast February 10, 1900, and continued 
four days. The subject, J. F. S., weighed in underclothes 
64 kilos at the end of the period. During the experiment he 
performed as little muscular activity as possible aside from his 
regular duties in the laboratory, which were light. The diet 
in the experiment contained an excess of fat. 


TABLE 102. 


Digestion experiment No. 1749. 
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3177| Butter, - - - - = 7A e327) le 6) 321) — 10, 2993 
3178} Milk, skimmed, - = - 14000] 420/26.8] 168) 20] 232) 32) 1896 
3180| Bread, - - - - - | 800} 475|/11.4| 65] 13] 397] 10} 2242 
3181) Ginger snaps, - - =) | 240)227) 204) 4 2olh 193 4) 1064 
3168) Parched cereal, - - - | 200] 184] 3.7] 21 3) 160 4| 827 
Soh Spear ee itm ls Lobe oe ara eg PN etTiS liar bal | a ee 
otal aye - - - |6029/1831/63.7| 387] 387 1057, 63 10066 
3182| Feces, - = 2 4 =i eA BT) e270) 1 AA 23) eas es sie aeTae 
Urine, - = = - fh a || ee 518 
Amount available, - - | — |1719|/56.7| 343] 364|1012| 28) 8811 

% % % % % % % 

Coefficients of availability - 93.9|89.0 88.6/94.1/95.7|44.4| 87.5 
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During this experiment the subject eliminated 4939.9 grams 
urine, containing 64.3 grams nitrogen. ‘The average nitrogen 
balance per day was therefore as follows: Income in food, 
I5.9 grams; outgo in urine, 16.1 grams, and in feces, 1.8 
grams; implying a loss of 2.0 grams nitrogen, corresponding 


to 12.5 grams protein. 
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DETAILS OF DIGESTION EXPERIMENT NO. 150. 


This experiment formed part of metabolism experiment No. 
26, which was a rest experiment with an excess of fat in the 
diet. It began with breakfast February 14, 1900, and con- 
tinued three days. The subject, J. F. S., weighed in un- 
derclothing 64 kilos at the beginning and at the end of the 


experiment. 
TABLE 103. 
Digestion experiment No. 150. 
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During this experiment the subject eliminated 4083.0 grams 
urine, containing 46.2 grams nitrogen. The average nitrogen 
balance per day was therefore as follows: Income in food, 
I5.9 grams; outgo in urine, 15.3 grams, and in feces, 1.1 
grams; implying a loss of .5 gram nitrogen, corresponding to 


3.3 grams protein. 
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DETAILS OF DIGESTION EXPERIMENT NO. 152. 

This experiment formed a part of metabolism experiment 
No. 28, which was a rest experiment with an excess of carbo- 
hydrates in the diet. It began with breakfast February 20, 
1900, and continued three days. ‘The subject, J. F.S., weighed 
in underclothes 63.7 kilos at the beginning and 64 kilos at the 


end of the experiment. 


TABLE 104. 
Digestion experiment No. 152. 
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During this experiment the subject eliminated 3664.5 grams 
urine, containing 45.8 grams nitrogen. ‘The average nitrogen 
balance per day was therefore as follows: Income in food, 
15.8 grams; outgo in urine, 15.3 grams, and in feces, 1.2 
grams; implying a loss of .7 gram nitrogen, corresponding to 


4.5 grams protein. 
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DETAILS OF DIGESTION EXPERIMENT NO. 153. 

This experiment, preliminary to metabolism experiment No. 
29, began with breakfast March 12, 1900, and continued four 
days. The subject, J. F. S., weighed in underclothes at the. 
beginning of the experiment 68.9 kilos and at the end 64.5 
kilos. During the period of the experiment he took a consid- 
erable amount of muscular exercise each day. ‘The diet con- 


tained an excess of carbohydrates. 


TABLE 105. 
Digestion experiment No. 153. 
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During this experiment the subject eliminated 3434.5 grams 
urine, containing 59.8 grams nitrogen. ‘The average nitrogen 
balance per day was therefore as follows: Income in food, 
16.0 grams; outgo in urine, 16.0 grams, and in feces, .g gram; 
implying a loss of .g gram nitrogen, corresponding to 5.6 grams 


protein. 
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DETAILS OF DIGESTION EXPERIMENT NO. 154. 
This experiment, a part of metabolism experiment No. 29, 
began with breakfast March 16, 1900, and continued three 
days. ‘The diet contained an excess of carbohydrates. ‘The 
subject, J. F. S., weighed in underclothes at the beginning of 
the experiment 63.8 kilos and at the end 64.1 kilos. During 
the experiment the subject was engaged eight hours a day in 


work upon the stationary bicycle. 


TABLE 106. 
Digestion experiment No. 154. 
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During this experiment the subject eliminated 2362.9 grams 
urine, containing 47.3 grams nitrogen. The average nitrogen 
balance per day was therefore as follows: Income in food, 
16.0 grams; outgo in urine and perspiration, 16.0 grams, and 
in feces, .8 gram; implying a loss of .8 gram nitrogen, corre- 


sponding to 5.0 grams protein. 
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DETAILS OF DIGESTION EXPERIMENT NO. 156. 

This experiment, which was a part of metabolism experi- 
ment No. 31, began with breakfast March 22, 1goo, and con- 
tinued three days. ‘The diet contained an excess of fat. The 
subject, J. F. S., weighed 64.1 kilos at the beginning and 64.5 
kilos at the end of the experiment. During the experiment 
he was engaged eight hours each day at work upon the station- 


ary bicycle. 


TABLE 107. 
Digestion experiment No. 156. 


ae: § 
2 5 3 g eee 
E se eel igs ul eee ae = 29 
g = Bo ase a aes os 
i KIND OF Foop S I yt 2 oS % 3 ES 
s 6 |] S/8}e)e |} a] 4] Se 
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a oo — a +o 
= go £ S) Ser 
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3186| Beef, = = - - | 174.0| 67|10.0| 62 5, — 2) 405 
3187| Butter; = = = - | 331.5) 290) .7 4) 286) — I1I| 2668 
3191} Milk, - = = - |2700.0| 396|17.6| Tro} 151) 135| 22) 2535 
3192| Bread, = = = - | 900.0} 560/13.5] 77) 18) 465) 12) 2637 
3181 Ginger snaps, - 2 5 ||P SO} PUG) aI) a ToyF ash =e ae oyoys 
3193| Parched cereal, - = Slee 256 Ole 2 Lids os 3) 183 5 945 
See tea eee ete g SO e7 S| elle) |) 7G —— Ne aO7 
Total, - - = - |4630.5/1812)48.4| 291) 482/1039 56|10485 
3197| Feces, - - - =a OOP Ola mili ht 2)0A\\erc 1s 8} 18] 1} 272 
Urine, > : 2 s a ee ea ics: 
Amount available, - - | — |r771|46.0| 276) 474|1021| 45] 9824 
|%|%|%|%|%| %| % 
Coefficients of availability, 197.7/95 0194.8 98.3/98.2 80.4 93.7 


During this experiment the subject eliminated 2482.8 grams 
urine, containing 46.3 grams nitrogen. The average nitrogen 
balance per day was therefore as follows: Income in food, 
16.1 grams; outgo in urine and perspiration, 15.6 grams, and 
in feces, .8 gram; implying a loss of .3 gram nitrogen, corre- 


sponding to 2.3 grams protein. 
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DETAILS OF DIGESTION EXPERIMENT NO. 157. 

This experiment, preliminary to metabolism experiment No. 
32, began with breakfast April 16, 1900, and continued four 
days. ‘The diet in the experiment contained an excess of fat. 
The subject, J. F.S., weighed in underclothes 66.2 kilos at the 
end of the experiment. In addition to his regular duties he 


took a ‘considerable amount of exercise each day. 


TABLE 108. 


Digestion experiment No. 157. 


: d|: 3 
Tat Na fanerenf : ag 
2 HON ac Jess ieol beds £ 45 
Re c Foop 55 F ¥ | Aas 3 ic 58 
5 | PSETENOES ; is) A (ict se maton | a 2 ok 
ee as Sasi eat g bates) 
ada ‘cj Oa Be ov 
olen ob = | | a oC 
Call Pecore lta 6) had 
| a im 
| Gms| Gms) Gms| Gms Gms Gms|Gms| Cal. 
3205| Beef, = 2 = : - | 232) 80|1T.9| 74, 6) — 2| . 481 
3206) Butter, = - - - |-398] 353) .8) 5) 348) — TI| 3268 
3199) Milk, - - - - - |3980] 573|26.3| 163} 199} 211] 32| 3642 
3204| Bread, - = = = - |1200| 731/16.6| 94] 30) 607] 16) 3443 
3207, Ginger snaps, E = - | 300] 284] 2.6! 15] 22] 247) 6| 13390 
3193| Parched cereal, - - - | 300] 281] 5.8} 33 4| 244 6| 1260 
= Sugar, - - - - =i LAO N TAO) —— se Ole 554 
| \~ } | | —| ——_—_—— 
| Total, - - - = = |6550/2442/64.0) 384) 609/1449| 73|13978 
3208] Feces, - = - = =§"430) “OG) O70) 3715 26) e46le 225756 
| Urine, - = - : -|/—|—}—|]—|—|—]—| 505 
| | == | —— —— = a 
| Amount available, - -|— 2333158.0 347| 583/1403) 51/12717 
| % | %| % | %| %|% | % 
| Coefficients of availability, - 95-5 g0.6/90.4/95.7/96.8/69.9| 91.0 


During this experiment the subject eliminated 3238.9 grams 
urine, containing 61.2 grams nitrogen. ‘The average nitrogen 
balance per day was therefore as follows: Income in food, 
16.0 grams; outgo in urine, 15.3 grams, and in feces, 1.5 
grams; implying a loss of .8 gram nitrogen, corresponding to 


5.0 grams protein. 
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DETAILS OF DIGESTION EXPERIMENT NO. 158. 
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This experiment, a part of metabolism experiment No. 32, 


began with breakfast April 20, 1900, and continued three days. 


There was an excess of fat in the diet. 


The subject, J. F. S., 


weighed in underclothes at the beginning 66.2 kilos and at the 


end 64.9 kilos. 


stationary bicycle. 


TABLE 109. 


Digestion experiment No. 158. 


He worked eight hours each day upon the 


: = 
Co) | is a | | O 5 
e Giga ya a g ae 
E q | g a | S| S | iG 
7) _ | "5 op ‘U yey uo} a i! 
S KIND OF Foop. | &, g 5 & a oi 9 E 
é Zils |e | 4s F 3g 
Ho} aa) = a +U 
a oD gs O BS 
is BN ve Ss 
. Gms Gms|Gms| Gms} Gms! Gms Gms) Cal. 
3205] Beef, - - - - -| 174] 61] 8.9) 56 5) _ 2\ees ar 
3206| Butter, - - - =| 291}/ 259) 6) 4), 255) — 8] 2389 
3200) Milk, - - = - - |3060) 423/20.2| 126] 153] I144| 24] 2769 
3204 Bread, - : 2 3 - | goo] 548|12.4| 71} 23) 454) 12| 2582 
3207| Ginger snaps, - - - | 225] 212) 2.0; 1) 16) 185| 5] 998 
3193| Parched cereal,\ - - - | 225] 211] 4.3} 25/ 3] 183) 5] 945 
Sugar, - - - - - | 105| 105) — | — | — | LOB 416 
= z | | as 
SRotal sew = - - |4980 1819|48.4| 293) 455|1071| 56| 10460 
32009] Feces, - = = = Prt 2QR OS Ses laa? | Vaer Ss nee hails geo 
Urine, - - - - Selec alia y oes er | Sh Saas es 358 
Amount available, - -|— 1756)44.9 271| 442\1043 41| 9677 
% | % | % | % | % | % | % 
Coefficients of availability, - 196. 5|92.8/92.5|97.1/97.4/73.2| 92.5 


During this’experiment the subject eliminated 3829.6 grams 


urine, containing 46.0 grams nitrogen. 


balance per day was therefore as follows: 


The average nitrogen 


Income in food, 


16.1 grams; outgo in urine and perspiration, 15.7 grams, and 


in feces, 1.2 grams; implying a loss of .8 gram nitrogen, cor- 


responding to 5.0 grams protein. 
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DETAILS OF DIGESTION EXPERIMENT NO. 160. 


This experiment, a part of metabolism experiment No. 34, 
began with breakfast April 26, 1900, and continued three days. 


There was an excess of sugar in the diet. 


The subject, J. F.S., 


weighed in underclothes at the beginning of the experiment 
64.9 kilos and at the end 65.4 kilos. 
hours each day in muscular work upon the stationary bicycle. 


TABLE TIO. 


He was engaged eight 


Digestion experiment No. r6o. 


4 u o 
= we SI | Oo =) oa 
) = pad haa des e Zu 
: Ea ee eye y | le | ele eas de 
S KIND OF Foon. tl ike Sree rants a 98 
Gi » w a= a 2 a 
5 a ° Z re og 
2 sole ite SI 30 
Ps o & 6) ih 
eB | 1 
Gms Gms Gms} Gms} Gms} Gms} Gms} Cal. 
3205| Beef, - : = 174} 61) 8.9} 56| 5| — 2| 361 
3206| Butter, 2 2 = TOS|seO3 ee I) g2| — 3) 862 
3202} Milk, - - - - 3060} 417/20.2| 126] 159] 132] 24| 2794 
3204) Bread, - - - - goo) 548/12.4| 71| 23 454| 12 2582 
3207| Ginger snaps, - - 225) 212) 2.0) 11) 16) 185 5} 998 
3193) Parched cereal, - - 225 -2T Tl 443) 225) Wesianss 5] 945 
— | Sugar, - - - - 489| 489) — | — | — | 489] — | 1936 
otal t= - - 5178 2031 48 fey 290 298|1443) 51/10478 
3211] Feces, - - - - 256) = 60/355) 122), 915) 231 a6) ee sia 
Urine, - - - - —)/—} — J) —} — | — | 379 
Amount available, - — |1971/44.5 268) 283/1420] 35] 9722 
| % | % | % l% 1% | % | % 
Coefficients of availability, 97.1/92.7/92.4.95.0/98.4/68.6| 92.8 


During this experiment the subject eliminated 2855.8 grams 


urine, containing 48.9 grams nitrogen. 
balance per day was therefore as follows: 


The average nitrogen 
Income in food, 


16.0 grams; outgo in urine and perspiration, 16.7 grams, and 


in feces, 1.2 grams; implying a loss of 1.9 grams nitrogen, cor- 


responding to 11.9 grams protein. 
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DETAILS OF DIGESTION EXPERIMENT NO. 189. 


This experiment, preliminary to metabolism experiment No. 
35, began with breakfast December 5, 1900, and continued 
four days, with an ordinary mixed diet. ‘The subject, J. C. W., 
was a college student. His weight was not taken at the be- 
ginning of the experiment but at the end it was 76.1 kilos. 
During the experiment he took as little muscular exercise as 


practicable. 
TABLE III. 
Digestion experiment No. 189. 
? 3/2] - 
(-B) om ~ - 
S er cals 2 ae 
5 | Below laa alae g Be 
g ‘ 5 = oo | a “Silene lhe 
é KIND OF FOOD. Se g ° 3 £ fe y 95 
i = ° vA re Ro) 
4s) on — a Fey o} 
3 a) S 18) os 
eee all co 
Gms| Gms} Gms| Gms|Gms| Gms} Gms} Cal. 
3241| Beef, - = S = - | 400] 152/22.5| 140] 12) — 4| 908 
3242) Butter, - - - = | 100} = 87). <3 2} 85; — 3) 775 
3243) Milk, whole, = - - |3400| 456/18.7| 116) 170) 170} 24) — 
3245| Bread, - - - - - |£200| 694|15.6} 89] 48) 557] 11] 3340 
3246) Shredded wheat,. - - = | 200] 1813.4) 19 3) 159 Bless 
3247, Ginger snaps, = < =) | 200/582) l ao). en OTA Ls 7 4| 848 
— | Sugar, - - - - HH Ol SOls an emily —— i SO a aii 
Total, - - -  - |5580\1832/62.4) 377| 332|1123| 49] 7003 
3248] Feces, - < - - Ed lee ems CO epee es (| ed TT 
Urine, - - - - “ a — — — — — = 547 
Amount available, - - | — |1776/58.2| 351) 320|t105| 38] 6123 
Jo % %o % % % % 
Coefficients of availability, - 97 .0/93.3/93.1/96.4'98.4/77.6| 87.4 


During this experiment the subject eliminated 3154.8 grams 
urine, containing 63.7 grams nitrogen. ‘The average nitrogen 
balance per day was therefore as follows: Income in food, 
15.6 grams; outgo in urine, 15.9 grams, and in feces, 1.1 
grams; implying a loss of 1.4 grams nitrogen, corresponding to 


8.7 grams protein. 
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DETAILS OF DIGESTION EXPERIMENT NO. I90. 

This experiment, part of metabolism experiment No. 35, 
began with breakfast December 8, 1900, and continued four 
days. ‘The subject, J. C. W., weighed at the beginning of 
the experiment 76.1 kilos and at the end 75.9 kilos. During 
the sojourn in the respiration calorimeter he remained as quiet 


as practicable. 


"TABLE Wire. 


Digestion experiment No. roo. 


: ei z 
‘ | 2 ae: 
& | P g | . s ae 
3 | 3 y g aS H que 
KIND oF Foop Rate Wee Makin Wee Tiere IBS 00a al 2 
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4 a 3 § we 
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eB Nee | so 
Gms| Gms) Gms} Gms} Gms| Gms} Gms} Cal. 
3241| Beef, - - = = - | 400] 153/22.5] I41] 12) — 4} 908 
3242) Butter, - = - =e OO|s faSi7| aes 2} 85) — 3) 775 
3244 Mins) whole, - - - |3400 ae: He ae 159] 24] 3072 
3245) Bread, >) =) y= 55 > = HE200),Go4 it: 9} 48) 557] I1| 3340 
3246| Shredded wheat, - - - | 200] I181/ 3.4) I9 3) 159 3) 816 
3247 Ginger snaps, - - - | 200 182) _ DE iy a a es Bs 4; 848 
Sugar, - - - - =| 180} 80}, 220) == 5) hh Ole ee 
; ‘otal, "= = - - |5580/1845|64.2| 391| 342/1112| 49|10076 
3249 ares - = = = - | 395] 72] 4.9} 31} 16) 25) 15) 440 
Jrine, - - + = SY NP EN a ed es 540 
Amount available, - - | — |1773|59.7| 360] 326|1087| 34) 9096 
% % % % % % %o 
Coefficients of availability, - 96.1/93.0/92.1/95.3|97.8|69.4| 90.3. 


During this experiment the subject eliminated 5683.4 grams 
urine, containing 63.4 grams nitrogen. The average nitrogen 
balance per day was therefore as follows: Income in food, 
16.0 grams; outgo in urine, 15.8 grams, and in feces, 1.2 
grams; implying a loss of 1.0 gram nitrogen, corresponding 


to 6.4 grams protein. 
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DETAILS OF DIGESTION EXPERIMENT NO. 192. 

This experiment, preliminary to metabolism experiment No. 
37, began with breakfast January 8, 1901, and continued three 
days. ‘The diet during the experiment contained an excess of 
carbohydrates. The weight of the subject, J.C. W., at the 
beginning of the experiment was not taken, but at the end was 
in underclothes 77 kilos. During the experiment he took a 


regular amount of muscular exercise each day. 


TABLE 113. 


' 
Phas 4 
Digestion experiment No. 192. 
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osu E cet PAN) aye a BES) O4iT3 20) 87] 1/7) | 21 574 
3253] Butter, - = : : Gols 2 in ne Oe ee I} 463 
3254| Milk, - - - - - |T500} 208] 8.4; 53! 83| 72] 11] 1300 
3256) Bread, - - - - - {1350} 761|17.0| 97] 31| 633) 12] 3606 
3257, Graham crackers, - SDS OR 04S M2 Tien 12 yee TON y2\ se OOl 
3246| Shredded wheat, - - - | 150} 135] 2.5] 14] 2] 119] 2] 611 
3247, Ginger snaps, = = 2 | 225| 205] 2.2] 13] 16) 176] 5) 954 
3258| Milk sugar, - - - 7} S250) te | ap RE ses 
totale a 3 = - |3840|1740|46.3| 277| 205/1258| 35| 8763 
32509] Feces, - - - - SW PNG} EU Al ail] POS ails Site 7| 285 
Urine, - - - - So Paste |e real |h alle S| eR eee A OE 
Amount available, 2 - | — |1689|42.2| 251| 198/1240| 28) 7947 
| Weaver | eae Wego Nea. We Gon Veo aa 
Coefficients of availability, - '97.292.0,90.6 96.698 .6/80.0) 90.7 


During this experiment the subject eliminated 3053.4 grams 
urine, containing 58.3 grams nitrogen. The average nitrogen 
balance per day was therefore as follows: Income in food, 
I1.6 grams; outgo in urine, 14.6 grams, and in feces, 1.0 
gram; implying a loss of 4.0 grams nitrogen, corresponding to 


25.0 grams protein. 
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DETAILS OF DIGESTION EXPERIMENT NO. 193. 


This experiment was a part of metabolism experiment No. 37, 


a work experiment with an excess of carbohydrates in the diet. 


It began with breakfast January 11, rgor, and continued four 


days. The subject, J. C. W., in underclothes weighed 77 kilos 


at the beginning and 74.6 kilos at the end of the experiment. 


He worked eight hours a day upon the stationary bicycle. 


TABLE I14. 
Digestion experiment No. 193 


4 = 


E, eae : 
oe) egal % = 
ey es u a 
a | eae € zy 
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a | » my os | AY ie) wy 
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& eee i d g~ 
Paine = 
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3251| Beef, - - - - - | 340] 126/18.6| 116; 10) — 3; 764 
3263| Beef, - = - = =a TOO|s y3ZOlee ss iess Zi) Tez 
3253) Butter, - - - - 80) 69 2.1 68) — 2} 616 
3255| Milk, - - . - - |2000| 290|11.2} 70} I10| IIo} 14} 1888 
3256| Bread, - - - - - |1800|I015|22.7| 130] 41] 844] 16] 4808 
3257, Graham crackers, - - - | 200] Igo] 2.8} 16) 20) 154 3; 928 
3247| Ginger snaps, - =) =) 300] 22735320) an7]| 2r 235 7g 
3258) Milk sugar, - - = - | 360) 342) — | — | — | 342| — | 1340 
— | Sugar, - = = = - | 560) 560/ — | — | — | 560} — | 2216 
3246) Shredded wheat, - - - | 200] 181] 3.4) 19 3) 159 3| 816 
iofalsaes= - - - |5940|3082|67.2| 402) 276/2404| 49|14860 
3260| Feces, - - - - - |4145| 86) 6.3) 40) 16) 30) 15} 506 
Urine, - - - - =a] Sa =) |= | = mate ae 531 
Amount.available, = - | — |2996/60.9) 362] 260/2374| 34/13823 
| Jo. | .%.\) Fa \> Yo | Toa Pee ae 
| Coefficients of availability, - 97-2,90.6.90.1|94,2)98.8)69.4| 93.0 


During this experiment the subject eliminated 3982.8 grams 


urine, containing 66.3 grams nitrogen. The average nitrogen 


balance per day was therefore as follows: 


Income in food, 


16.8 grams; outgo in urine and perspiration, 16.9 grams, and 


in feces, 1.6 grams; implying a loss of 1.7 grams nitrogen, 


corresponding to 10.8 grams protein. 


‘ 
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DETAILS OF DIGESTION EXPERIMENT NO. 194. 

This experiment, a part of metabolism experiment, No. 38, 
was a work experiment, with an excess of fat in the diet. It 
began with breakfast January 15, 1901, and continued four 
days. The subject, J. C. W., weighed in underclothes 74.1 
kilos at the beginning and 73.5 kilos at the end of the experi- 
ment. ‘The work consisted of pedalling a stationary bicycle 


for eight hours each day. 


TABLE I15. 


Digestion experiment No. 194. 


q|2 8 
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3251] Beef, - = o - - | Too] 37| 5.5] 34 3) — Tee 225) 
32063) beet,. = = = - =i TOO NMEs Ollmsi=o lus 4 3; — i] 
3252) Deviled ham, - a - | 300] 170} 7.4) 46) 124) — 12] 1422 
3253| Butter, - = - =a AsO 877 ote Sie OF 37 Th —— 9} 3396 
3262| Milk, - atin - - |5400) 777|30.2] 189] 270) 318) 38) 4925 
3256] Bread, - = - - - {1000| 564/12.6} 72| 23) 469 Q| 2671 
3246| Shredded wheat, - = POO ROUT SIA aro! ysl TsO. ssi ers 
3247| Ginger snaps, - - =a) 200/182) 220) LL. 14) 157 4| 848 
SE SUSaT.. — - - - - 80}, 80) — | — | — 80] — 367 
Uowall” Vs = : - |7820 2404/67.7| 410) 811\1183) 77|/14832 
3201| Feces; = = - - Swe 2S ol Aro G Olle 2:7 09 0illis 25 ee Oe 
Urine, - = = = S| See | |Meat oe ee |e Wee 621 
Amount available, - - | — |2316/63.3 380 784\1152| 52/13599 

1% | %|% | % | %-| % | % 
Coefficients of availability, - 96.4 93.5|92.7/96.7/97-4|67.5] 91.7 


During this experiment the subject eliminated 4033.2 grams 
urine, containing 81.1 grams nitrogen. The average nitrogen 
balance per day was therefore as follows: Income in food, 16.9 
grams; outgo in urine and perspiration, 20.6 grams, and in 
feces, 1.2 grams; implying a loss of 4.9 grams nitrogen, cor- 


responding to 30.5 grams protein. 
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DETAILS OF DIGESTION EXPERIMENT NO. 195. 


This experiment, which was preliminary to metabolism ex- 
periment No. 40, began with breakfast February 22, 1901, and 
continued four days. ‘The diet contained an excess of carbo- 
hydrates. ‘The weight of the subject, J. C. W., was not taken 
at the beginning of the experiment but at the end was in 
underclothes 79.5 kilos. During the experiment he took a 
regular amount of muscular exercise each day. 


TABLE 116. 
Digestion experiment No. 195. 


=e ee 
aj S $ g S 
a ae Yu BG 
P=) 8 : & a uo} 
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3296| Beef, - - = - =H QOW Fi |LOn3! 05 6) — 2) 418 
*) Deviled ham, - - - 56] 30) 1.8) Iz) 19) — 2} 100 
3298| Butter, = - - - | 456] 398] I.o 6} 392) — II| 3607 
3299| Milk, - - - - - 13730] 511|20.9] 131] 179] 201] 26] 3156 
3302| Bread, - - - - - |1800] 999/23.2] 133| 22] 844) 18) 4559 
3303) Graham crackers, - - - | 200] 189] 3.1} 18] 22] 149 6) 935 
3304| Shredded wheat, - - - | 240] 222) 4.3] 25 4| 193 4) 984 
3305| Ginger snaps, - - - | 290] 271) 3-0) 17] 16) 238) Zier25a 
3258| Milk sugar, - - - - | 200] Ig0/ — | — | — |} Igo) — 744 
— | Sugar, - - - - = (420)e4 20/0 les ae 420 1663 
sRotaltee - - - |7582/3301/67.6| 406| 660/2235) 76 17420 
3306] Feces, - - - - - | 790] 142] 8.7] 54) 43] 45] 22] o42 
Urines = - - - Se] eee cscratl (kei Rlemaat (cerarts (Pome |i | 481 
Amount available, - - | — |3159|59.3| 352| 617/2190} 54|15997 
% | %| %|%| %|%| % 
Coefficients of availability, - 95.7/87.1/86.7/93.5/98.0)71.1| 91.8 


* Deviled ham used only in two meals, morning and noon of first day. Composition 
asstimed from U. S. Dept. Agr. Office of Experiment Stations, Bul. 28. 


During this experiment the subject eliminated 3726.6 grams 
urine, containing 62.1 grams nitrogen. The average nitrogen 
balance per day was therefore as follows: Income in food, 
16.9 grams; outgo in urine, 15.5 grams, and in feces, 2.2 
grams; implying a loss of .8 gram nitrogen, corresponding to 


5.0 grams protein. 
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DETAILS OF DIGESTION EXPERIMENT NO. 196. 


This experiment was a part of metabolism experiment No. 
40, a work experiment with an excess of carbohydrates in the 
diet. It began with breakfast February 26, 1901, and con- 
tinued four days. The subject, J. C. W., weighed in under- 


clothes 78.8 kilos at the beginning and 77.8 kilos at the end of 
the experiment. 


ABEE TE. 
Digestion experiment No. 196. 
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3300| Milk, - - - - SN TOs5O|e202)00e Tie72\ GO|) Odin Lai en7O7 
3302| Bread, - - - - - |2200/1221|28.4| 163} 26 1032 a 5572 
3303| Graham crackers, - - - | 400] 378) 6.2; 36) 44] 298) 12) 1868 
3304| Shredded wheat, - - - | 320] 295] 5.8) 33 5| 257; 5) 1312 
3305| Ginger snaps, = = - | 340] 318} 3.6} 20] I9] 279 | 1468 
3258) Milk sugar, - = = =in400! 380), — 9 9 | 380) —— 15488 
== |, Stegin = = = - =a 870|1870| ie eC TO 44S 
Uoeily eS 2 = - |6700/3883|68.4| 407] 266/3210| 64|18020 
3307| Feces, - - - = =| 618)) £23|78,/6| 53) 22) 48)— rol 728 
Urine, - - - = = —_— — — — ze — | — 573 
Amount available, : - | — |3760/59.8| 354] 244 3162 4516719 
% | % \°% | % | % | % | % 
Coefficients of availability, - 96.8/87.4 87.0/91.7,98.5|70.3| 92.8 
| | 


During this experiment the subject eliminated 3329.6 grams 
urine, containing 67.3 grams nitrogen. ‘The average nitrogen 
balance per day was therefore as follows: Income in food, 
17.1 grams; outgo in urine and perspiration, 17.1 grams, and 
in feces, 2.2 grams; implying a loss of 2.2 grams nitrogen, cor- 


responding to 13.6 grams protein. 
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DETAILS OF DIGESTION EXPERIMENT NO. 197. 

This experiment formed a part of metabolism experiment 
No. 41, a work experiment with an excess of fat in the diet. 
It began March 2, 1go1, and continued four days. The weight 
of the subject, J. C. W., in underclothes at the beginning of 
the experiment was 77.8 kilos and at the end 77.0 kilos. 


TABLE 118. 
Digestion experiment No. 197. 
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3301} Milk, - - - - - [5820| 814/34.3] 215) 308) 291| 41| 5302 
3302| Bread, - - - - - |1400} 778|18.1| 104] 17| 657} 14) 3546 
3304! Shredded wheat, - - - | 160) 148] 2.9) 16) 3) 129] 2} )656 
3305| Ginger snaps, = = - | 240 224) Qc ast: 13) 197 6, 1036 
Total, - - - - |8684/2824 67.4 410 1140 1274 85/18156 
3308] Feces, - - - - - | 687) 122) 5.8) 36] 45) 41) 28) 925 
Urine £ 2 2 Dg SS es 
f Amount available, - -|— 2702 61 .6] 374 1095 1233 57 16600 
| % % % % | % % % 
Coefficients of availability - 95.7/91.4/91.2/96.1\96.8/67.1] 91.4 


During this experiment the subject eliminated 6254.5 grams 
urine, containing 80.1 grams nitrogen. ‘The average nitrogen 
balance per day was therefore as follows: Income in food, 
16.9 grams; outgo'in urine, 20.3 grams, and in feces, 1.5 
grams; implying a loss of 4.9 grams nitrogen, corresponding 


to 30.6 grams protein. 
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DETAILS OF DIGESTION EXPERIMENT NO. 198. 

This experiment, preliminary to metabolism experiment 
No. 43, began with breakfast March 25, 1go1, and continued 
four days. The subject, J. C. W., weighed 79.2 kilos at the 
end of the experiment. During the period he took a consider- 
able amount of muscular exercise daily. The diet contained 


an excess of fat. 


TABLE IIg. 
Digestion experiment No. 198. 
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3309| Beef, - - 2 - | 122.51 44) 6.4) 40 4, — I} 265 
3318| Butter,  - * s - | 881.0] 762] 1.9] 12] 750; — | 20] 6821 
3311) Milk, = - - - |5060.0] 703/30.4] 192] 263] 248] 35] 4478 
3314) Bread, = - = = |1275.0) 720|18.1| 103] 14] 603] 13] 3326 
3305| Ginger snaps, - = - | 240.0] 224] 2.5] 14] 13] 107 6) 1037 
3304| Shredded wheat, = - | 160.0) 148] 2.9] 16 3) 129 2| 656 
3321| Cereal coffee, = =|! Geo} 1} — | — S|) alle eg 
*\"Cocoa, - : - = SiS) Syoi Ao 7 Mesa 3 2 80 
— | Sugar, - = = = SoS) | = | |) 87) — 343 
Total, - 2 2 - 8659.5 2723|63.4| 384|1057|1282| 80|17033 
3315| Feces, : = - O27 PON TSO Ns) a4o le asOl 50) esOlmoss 
Urine, = = - = — —}/—/}—]}]—)]—]— 421 
Amount available, - = — (2587/55.6| 335|1021|1231| 50/15627 
| GON Ca | Yo i Fe) Yor) Go \) 
Coefficients of availability, 95 .0/87. 7/87. 3|96.6|96.0/62.5) 91.7 


* Composition taken. from U.S. Dept. Agr. Office of Experiment Stations, Bul. No. 28. 


During this experiment the subject eliminated 3685.1 grams 
urine, containing 65.3 grams nitrogen. The average nitrogen 
balance per day was therefore as follows: Income in food, 
15.9 grams; outgo in urine, 16.3 grams, and in feces, 2.0 
grams; implying a loss of 2.4 grams nitrogen, corresponding 


to 15.0 grams protein. 
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DETAILS OF DIGESTION EXPERIMENT NO. 199. 

This experiment was a part of metabolism experiment No. 
43, a work experiment with an excess of fat in the diet. It 
began with breakfast March 29, 1901, and continued four days. 
The weight of the subject, J. C. W., in underclothes was 79.2 
kilos at the beginning of the experiment and 78.5 kilos at the 


end of the experiment. 


TABLE 120. 


Digestion experiment No. 199. 
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3309| Beef,- - - - =| 140) 50] 7.4) 46] 4|—| a) 304 
3310, Butter, - = = - | 980] 846) I.9] 12] 834) — 26| 7716 
3312| Milk, - = = = - | 5420] 786)33.6) 212| 298] 276| 38) 4988 
3314| Bread, . E é - | 1400] 790|19.9| 113] 15] 662) 14) 3652 
3305) Gingersnaps,- - - = 240) 224) 2.5 14) 13) 197 6) 1036 
3304 Shredded wheat, - 2 2 160) 148) 2.9 16 3] 1290} 2| 656 
3321) Gerealicoftee. = = - | 4800] 32) .5 3 — 29 5| 164 
— | Sugar; - - - 25) 2A! S240 Wier Sere eae | Oa 952 
| Motalew= E = - |13380|3116/68.7| 416/1167|1533| 92/19468 
3316) Feces, = : = - | 883} 130] 8.2} 51) 30] 49] 28) 897 
| Urine, = = - Sh ied ice Ree tee oe 
| Amount available, — - - | — |2986/60.5} 365/1137|1484| 64/17983 
| | % | %| %| %| %|%| % 
| Coefficients of availability, - 195.8 88.0.87.8.97.4|96.8/69.6| 92.3 


During this experiment the subject eliminated 7885.7 grams 
urine, containing 75.0 grams nitrogen. ‘The average nitrogen 
balance per day was therefore as follows: Income in food, 
I7.I grams; outgo in urine and perspiration, 19.1 grams, and 
in feces, 2.0 grams; implying a loss of 4.0 grams nitrogen, cor- 


responding to 25.0 grams protein. 
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DETAILS OF DIGESTION EXPERIMENT NO. 200. 

This experiment formed a part of metabolism experiment 
No. 44, a work experiment with an excess of carbohydrates 
in the diet. It began April 2, 1901, and continued four days. 
The subject, J. C. W., weighed in underclothes 78.9 kilos at 
the beginning and 78.7 kilos at the end of the experiment. 


TABLE 121- 


Digestion experiment No. 200. 
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33009] Beef, - - - - 240| 86) 12.6) 79 7| — 2| 520 
3310| Butter, - - - - 80} 69 2 eel OS 2} 628 
3313) Milk, - = - - | 1800] 270} 11.0} 68] Tor) ror] 13) 1692 
3314| Bread, - = - - | 2200/1243] 31.2] 178) 24/1041] 22] 5740 
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3304, Shredded wheat, - - 320] 295; 5.8) 33) 5] 257 5| 1312 
3321| Cereal coffee, - = - | 4800] 32 ag 3) — | 20] 5) 164 
— | Sugar, E = = - | 1224/1224, — | — | — |1224) — | 4848 
3303) Graham crackers, - - 400| 378} 6.2) 36) 44) 298) 12) 1868 
3258) Milk sugar, = = - | goo] 380/ — | — | — | 380) — | 1488 
Motal,.= z : - |11804|4295| 71.1) 418} 2683609] 69/19728 
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During this experiment the subject eliminated 8242.5 grams 
urine, containing 67.7 grams nitrogen. The average nitrogen 
balance per day was therefore as follows: Income in food, 
17.8 grams; outgo in urine and perspiration, 17.3 grams, and 
in feces, 2.6 grams; implying a loss of 2.1 grams nitrogen, cor- 


responding to 13.1 grams protein. 
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DETAILS OF DIGESTION EXPERIMENT NO. 201. 


This experiment was a part of metabolism experiment No. 


45, a work experiment with an excess of fat in the diet. 


It 


began with breakfast April 6, rg0r, and continued one day. 
The subject weighed 78.8 kilos at the beginning and 78.3 kilos 


at the end of the experiment. 


TABLE 122. 


Digestion experiment No. 201. 
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} | | | 


During this experiment the subject eliminated 2233.9 grams 


urine, containing 18.9 grams nitrogen. 
balance per day was therefore as follows: 


The average nitrogen 


Income in food, 


17.4 grams; outgo in urine and perspiration, 19.3 grams, and 


in feces, 2.2 grams; implying a loss of 4.1 grams nitrogen, cor- 


responding to 25.6 grams protein. 


DIGESTIBILITY AND AVAILABILITY OF FOOD. 228 


DETAILS OF DIGESTION EXPERIMENT NO. 202. 

This experiment was preliminary to metabolism experiment 
No. 46. It began with breakfast April 29, 1901, and continued 
four days. ‘The subject, J. C. W., weighed in underclothes 
at the end of the experiment 79.6 kilos. He took a regular 
amount of muscular exercise each day during the period. 


ABLE 23: 


Digestion experiment No. 202. 
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3341| Butter, = = = = 980} 868) 2.0) 12} 856) — 27| 7922 
3346) Bread, - = = - | 1400} 791|17.8} Tor} 22) 668) 13) 3665 
3305| Ginger snaps, - = 2 240] 224| 2.5] 14] 13] 197 6| 1037 
3347| Shredded wheat, - - - 160} 145| 2.8} 16 Qeer 2} 648 
3342) Milk,- - - -  ~- | 5470} 766)33.9) 213} 279] 274) 44) 4814 
3348| Cereal coffee, = = - | 4800] 53) .5 5| — 48) — 221 
— | Sugar, = - 2 = (ete | X04) reed Nissen | eae (St C] cea ete 
Motaly = = = - |13370|3078|67.0 408 1176 1494 319327 
3349| Feces, = = = = 836} 139] 8.2} 51] 55] 33] 28] TOIO 
Urine, - : - =U eesti ie bees bet | eS 27 
Amount available, - - | — |2939/58.8| 357|1121/1461| 65/17790 
Fo Go| Yo Na Ga |) Ye % 
Coefficients of availability, - 95 .5/87.8/87.5|95.3/97.8/69.9] 92.1 


During this experiment the subject eliminated 7317.5 grams 
urine, containing 60.1 grams nitrogen. The average nitrogen 
balance per day was therefore as follows: Income in food, 16.8 
grams; outgo in urine, 15.0 grams, and in feces, 2.1 grams; 
implying a loss of .3 gram nitrogen, corresponding to 1.9 grams 


protein. 
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DETAILS OF DIGESTION EXPERIMENT NO. 203. 


This experiment was a part of metabolism experiment No. 
46, a work experiment with an excess of fat in the diet. It 
began with breakfast May 3, 1901, and continued four days. 
The weight of the subject, J. C. W., in underclothes at the be- 
ginning was 79.6 kilos and at the end 79.7 kilos. 


TABLE 124. 


Digestion experiment No. 203. 
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Urine, - - - Sat —— | oe | | — = — — 576 
Amount available, = = — |2966)60. 8} 367 1164)1435 62/17910 

% | % | % | %| % | % | % 
Coefficients of availability, - — |96.1/89.4/89.1\96.4)97.8)70.5| 92.6 
} | | 


During this experiment the subject eliminated 5446.6 grams 
urine, containing 63.6 grams nitrogen. The average nitrogen 
balance per day was therefore as follows: Income in food, 17.0 
grams; outgo in urine and perspiration, 16.1 grams, and in 
feces, 1.8 grams; implying a loss of .g gram nitrogen, corre- 


sponding to 5.6 grams protein. 
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DETAILS OF DIGESTION EXPERIMENT NO. 204. 

This experiment was a part of metabolism experiment No. 
47, a work experiment with an excess of carbohydrates in the 
diet. It began with breakfast May 7, Igor, and continued 
four days. The weight of the subject, J. C. W., in under- 
clothes was 79.3 kilos at the beginning and 79.5 kilos at the 


end of the experiment. 


TABLEAI25. 


Digestion experiment No. 204. 
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— | Sugar, - - - - 960] (960) — | — | — | 960) — | 3801 
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During this experiment the subject eliminated 6425.9 grams 
urine, containing 64.3 grams nitrogen. ‘The average nitrogen 
balance per day was therefore as follows: Income in food, 
17.4 grams; outgo in urine and perspiration, 16.3 grams, and 
in feces, 2.7 grams; implying a loss of 1.6 grams nitrogen, cor- 


responding to 10.0 grams protein. 
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DETAILS OF DIGESTION EXPERIMENT NO. 205. 


This experiment was part of metabolism experiment No. 48, 
a work experiment with an excess of fat in the diet. It began 
with breakfast May 11, 1901, and continued one day. The 
subject, J. C. W., weighed 79.5 kilos at the beginning and 
78.8 kilos at the end. 
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Digestion experiment No. 205. 
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During this experiment the subject eliminated 1417.9 grams 
urine, containing 17.2 grams nitrogen. The average nitrogen 
balance per day was therefore as follows: Income in food, 
17.0 grams; outgo in urine, 17.4 grams, and in feces, 2.0 
grams; implying a loss of 2.4 grams nitrogen, corresponding to 


15.0 grams protein. 
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DETAILS OF DIGESTION EXPERIMENT NO. 302. 


This experiment, which was preliminary to metabolism ex- 
periment No. 49, began with breakfast March 23, 1902, and 
continued four days. During the experiment the subject per- 
formed a regular amount of muscular work every day. ‘The 
weight of the subject, J. C. W., in underclothes was 80.4 kilos 
at the end of the experiment. 


TABLE 127. 


Digestion experiment No, 302. 
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3421| Shredded wheat, - = = 320| 288] 5.9] 34 4| 250) 6] 1282 
3422| Graham crackers, - - 400) 376) 5.5} 31] 46] 299] 11] 1841 
3258| Milk sugar, = = = 400} 380} — | — | — | 380) — | 1488 
= || Sieve, - - = - | 1440/1440) — | — | — |1440| — | 5702 
3425) Cereal coffee, = = - | 4800] Stee 5} — 20 |S 154 
Total, - - - © - |13980|/4671|70.4) 417] 345|3909| 87|21497 
3427| Feces, = : = = 887] 143] 9.9] 62] 19] 62) 24) 792 
Urine, = - 2 -} — |—|/—/|—|—|/-—|- 547 
Amount available, - - | — |4528/60.5) 355] 326/3847| 63/20158 
% % % % om tno % 
Coefficients of availability, - | 97.0/85.9/85.1 94.5'93.7/72.4 93.8 


During this experiment the subject eliminated 4603.3 grams 
urine, containing 63.9 grams nitrogen. The average nitrogen 
balance per day was therefore as follows: Income in food, 
17.6 grams; outgo in urine, 16.0 grams, and in feces, 2.5 
grams; implying a loss of .g gram nitrogen, corresponding to 
5.6 grams protein. 
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DETAILS OF DIGESTION EXPERIMENT NO. 303. 

This experiment was a part of metabolism experiment No. 
49, a work experiment with an excess of carbohydrates in the 
diet. It began with breakfast March 27, 1902, and continued 
three days. ‘The subject, J. C. W., weighed in underclothes 
at the beginning of the experiment 80.4 kilos and at the end 


80.7 kilos. 
TABLE 128. 
Digestion experiment No. 303. 
é rine ie 
a ° oD Ss gu me 
: omelette z| | 22 
2 SB Mee ies Pepe ne feels 
B KIND OF Foon. os a ° 2 BS ie a 9 & 
Z ra Poel acceey ees oi] Sh eae 
5 s o14 es | O@ 
Q A!) = a Pers} 
3 oD is} O wa 
H 3 uy 
Bo lee eo 
Gms Gms|Gms Gms Gms| Gms| Gms) Cal. 
3418] Butter, - - - - (Xo}|) GyAly Gal I} 53) — I} 483 
3424| Milk, - - - - - | 3000} 429/I19.5| 123) 150] 156] 21] 2718 
3419) Bread, - - - - | 1650] 943/24.7| 142! 30] 771] 22) 4362 
3420| Gingersnaps,- - = - 255| 233) 2.8} 16) 16] 201 8) 1086 
3421| Shredded wheat, - = - 240| 216) 4.4) 25 3) 188 5| 960 
3422| Graham crackers, - - 300] 282) 4.1) 23) 35] 224 8} 1380 
3258} Milk sugar, = - - 300} 285) — | — | — |} 285] — | 1116 
— | Sugar, - - - - | 1080/1080] — | — | — |1080) — | 4278 
3425| Cereal coffee,  - = - | 3600] 24] 4). 2) =) | 22) — ie 
Total, - - - - |10485/3546|56.0] 332| 287/2927 516497 
3427| Feces, - - - - 616} 89] 6.3! 39) 13) 37] 18) 516 
Urine, - - - - — fae — _ — = = 405 
Amount available, - - | — |3467|49.7| 293) 274|2890} 47|15576 
%|%|%| %| %| %| % 
Coefficients of availability, - 97.8/88 .8/88.3.95.5198.7/72.3) 94.4 


During this experiment the subject eliminated 7006.4 grams 
urine, containing 46.4 grams nitrogen. ‘The average nitrogen 
balance per day was therefore as follows: Income in food, 
18.7 grams; outgo in urine and perspiration, 16.1 grams, and 
in feces, 2.1 grams; implying a gain of .5 gram nitrogen, cor- 


responding to 2.9 grams protein. 
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DETAILS OF DIGESTION EXPERIMENT NO. 304. 

This experiment was a part of metabolism experiment No. 
50, which began with breakfast March 30, 1902, and continued 
one day. It was planned to be a work experiment with an 
excess of fat in the form of butter in the diet, but as the digest- 
ive apparatus of the subject became deranged only a portion of 
the ration intended for the day was consumed. The weight of 
the subject, J. C. W., in underclothes was 80.7 kilos at the 
beginning and 79.8 kilos at the end. 


TABLE 129. 


Digestion experiment No. 304. 


| 

| 

| 
| 
| 


we: P 
G Beale gj $ 

a u : vy yA 
w a a vu say je iS ts| SIs, 
$ KIND OF Foon. 3 é £ 3 = 2 a1 8 : 

: is ic) a py | 2 Oy 
a on = = wo 
is o is 16) Sha 

Sao ie 

Gms |Gms}Gms|Gms Gms Gms} Gms} Cal. 
SATs mbutters. = = - = 94.6} 84 2 1} 83) — 2 763 
3424| Milk, = 7 E - | 925.0] 132] 6.0) 38] 46} 48 6} 838 
3419] Bread, - = = eZ 202O|E20|)03i3\|0 LO, 4| 103 3) 581 
3420| Ginger snaps, - : = |) GAC} SS OF 4 4| 47 2| 256 
3421| Shredded wheat, = - TaeO)) LI 2 I| — Io, — 52 
—— | sugar = : : = 22.8) 23) — | —/]— 23, — go 
3425| Cereal coffee, - : - | 400.0 2 1} — | — 2| — 13 
— | Beef tea, - = s - | 294.2 2] =| aed meer od A! 8 
Ahowwil, = - - - |2029.6] 435/I1.1| 65] 137] 233] 14] 2601 
34209] Feces, - - = eee TAT es. meet [eal 7 4 7 4; 128 
Uriney = = Se eS Sas 
Amount available,  - = {| — | ar7| 9.9) 58] 133] 226] ro] 2355 

To % % | Te Jo % % 
Coefficients of availability, — |95.9|89.2 89.2/97. 1'97.0|71.4| 90.5 


During this experiment the subject eliminated 1681.7 grams 
urine, containing 13.5 grams nitrogen. The average nitrogen 
balance per day was therefore as follows: Income in food, 
11.1 grams; outgo in urine and perspiration, 13.9 grams, and 
in feces, 1.2 grams; implying a loss of 4.0 grams nitrogen, cor- 
responding to 25.2 grams protein. 

16 
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DETAILS OF DIGESTION EXPERIMENT NO. 305. 


This experiment was preliminary to metabolism experiment 


No. 52, a work experiment with an excess of fat in the diet. 


It began with breakfast April 17, 1902, and continued four 


days. The weight of the subject, J. 


the end of the experiment was 79.8 kilos. 


CR ees No. 305. 


TABLE 130. 


Crewe, 


in underclothes at 


Lab. No. sample. 


3431, Butter, - - 


3439, Cream, - - 
3435| Milk, - - - 
3432) Bread, . - 


3420) Gingersnaps,- - 
3421 Shredded wheat, - 
— | Sugar, - 

3434 Cereal coffee, - 
| Total, - - 
3442) Feces, = - 
Urine, - = 


KIND OF Foop. 


Weight of material. 


| 
| 
| 
| 
| 
| 


Total organic matter. 
nitneeen 


Protein. 
Fat. 
Ash. 


Carbohydrates. 
Heat of combustion 
(determined) 


Gms Gms 


0} 158] 4 


20 1026 13. 3 
500/216 
| 983/25.7 
219] 2.6) 
144) 2.9 
TSO}, —"| 
hil soul 


| Cal. 


1460 
8542 
3032 


| 4585 


1023 
641 
713 
134 


|14640/ 324166. 9 


HOM 5¢ 


20130 


744 
532 


Amount available, 


Coefficients of availability, 


— 310961.6 36 


5 
ae 


198: 8 92. I gr. 7 08. 097. 2 


118854 


% 


cee 93-7 


During this experiment the subject eliminated 3943.1 grams 


urine, containing 64.2 grams nitrogen. 


balance per day was therefore as follows: 


The average nitrogen 
Income in food, 16.7 


grams; outgo in urine, 16.1 grams, and in feces, 1.3 grams; 


implying a loss of .7 gram nitrogen, corresponding to 4.4 grams 


protein. 
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DETAILS OF DIGESTION EXPERIMENT NO. 306. 

This experiment, a part of metabolism experiment No. 52, a 
work experiment with an excess of fat in the diet, began with 
breakfast April 21, 1902, and continued three days. The 
weight of the subject, J. C. W., in underclothes was 79.8 kilos 
at the beginning and 79.4 kilos at the end. 


TABLE 131. 
Digestion experiment No. 306. 


- ca 
é s | 2 2 
e. Gauliceeaipu: | g aS 
: eT elt Ne eae 23 
3 KIND OF Foop. a a S = | 3s >| a | og 
Z 2 sep eater oles Se ica 
: a Oi | za | 2 ona 
po) bo — | a Felco} 
g a S§ | 0 re 
A 3 | x 
Salar | se 
Gms |} Gms} Gms En Gms) Gms} Gms} Cal. 
3431| Butter, - - = : 135| I19) .3] 2 117, — 4| 1095 
3440) Cream, - - = - | 3380] 994\13.8| 88) 727) 179] 20] 7847 
3436) Milk, whole, = = - | 2550] 346/15.3| 94) 125] 12 20] 2162 
3432| Bread, = = = - | 1320] 738/19. 3} eu) 20| 608] 13] 3439 
3420) Ginger snaps, - : = EKO|| Sai TAG | Mae aye] | Oh EG toy 
3421) Shredded wheat, : = 120] 109] 2.2] 13] 2) 94 2) 481 
— | Sugar, - - : - E35 (SDS 5a eae 1 DSB 535 
3434| Cereal coffee, = = = 3000) 523 m3} I — 22, — IOI 
Motal; = - = = |[1420 2628|53.1| 319|1002|1307| 65/16427 
3443) Feces, - - - FOS eSOl "4. 71/30) ES) 14 3))8231 5684: 
Urine, - - : Se 383 
Amount available, - - — }2539/48.4| 289] 984/1264] 42/15360 
%|% | %| %| %| % | % 
Coefficients of availability, - — |96.6\91.1/90.6\98.2/96.7/64.6) 93.5 
| 


During this experiment the subject eliminated 5421.5 grams 
urine, containing 48.0 grams nitrogen. The average nitrogen 
balance per day was therefore as follows: Income in food, 
17.7 grams; outgo in urine and perspiration, 16.4 grams, and 
in feces, 1.6 grams; implying a loss of .3 gram nitrogen, corre- 


sponding to 2.1 grams protein. 
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DETAILS OF DIGESTION EXPERIMENT NO. 307. 


This experiment, forming part of metabolism experiment 
No. 53, a work experiment with an excess of carbohydrates in 
the diet, began with breakfast April 24, 1902, and continued 
three days. The weight of the subject, J. C. W., in under- 
clothes was 79.4 kilos at the beginning and 80.2 kilos at the end. 


TABLE 132. 


Digestion experiment No. 307. 


g chee g 
a o g g ug 
S| 3 = q 7 3 ee) 
3 Ey a hee = ao] Sel octal ae 
$ KIND OF Foon. 8 & g r a 2 Z 8 E 
: s iy peta al] oe 2 ov 
te) on = o +d 
s gy s S) o~ 
Paste | 
Gms |Gms| Gms| Gms Gms|}Gms}|} Gms} Cal. 
3431| Butter, - = = - 60|' 53 I I} 52| — 2| 486 
3437| Milk, - - = - - | 3000] 402]17.4] 108) 153] I41| 24] 2514 
3433| Bread, - - - - | 1650} 947/24.8) 140 28] 779] 17) 4395 
3420| Gingersnaps,- - = - 255| 233) 2.8) 16 16) 201 8} 1086 
3422| Graham crackers, = - 300) 282) 4.1) 23) 35] 224 8} 1380: 
3421| Shredded wheat, - - - 240| 216) 4.4) 25 3) 188 5, 960 
— | Sugar, - - = - | II1O/1110|] — | — | — 1110] — | 4305 
3258| Milk sugar, - = = 300| 285] — | — | — | 285) — | 1116 
3434| Cereal coffee, - - - | 3600) 23] .2) 2) = 21} — 102 
Wotal <= Sa - |10515/3551|53.8) 315) 287/2949| 64/16434 
3444| Feces, - - - - 761| 106] 7.0} 44] I9| 43] 20) 654 
Urine, - - : = [ae a ee ee 
Amount available, = - — |3445|46.8) 271) 268/2906| 44/15400 
%o %o %o % % % % 
Coefficients of availability, - 97.0/87.0|/86.093.4/98.5/68.8) 93.7 


During this experiment the subject eliminated 3621.4 grams 
urine, containing 44.6 grams nitrogen. The average nitrogen 
balance per day was therefore as follows: Income in food, 17.9 
grams; outgo in urine and perspiration, 15.4 grams, and in 
feces, 2.3 grams; implying a gain of .2 gram nitrogen, corre- 
sponding to 1.3 grams protein. 
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DETAILS OF DIGESTION EXPERIMENT NO. 308. 


This experiment which forms a part of both metabolism ex- 
periments 54 and 55, began with breakfast April 27, 1902, and 
continued four days. These were both work experiments with 
an excess of fat in the diet, but No. 55 comprised one day of 
work that was much harder than usual, and continued at least 
twice as long. ‘The weight of the subject, J. C. W., in under- 
clothes was 80.2 kilos at the beginning and 76.4 kilos at the 
end of the experiments. 


TABLE 133. 


Digestion experiment No. 308. 


S al ae oa 36 
=| o is| d S| au 
3 i Bei cole look lane te 
6 KIND OF Foop. 3 i) = 2 i D 9 8 
Td, ‘ 22) a = ot je) = wu 
date RS} fe) Z oo 
wel on = io +U 
S$ ‘G = o) oma 
EB |e rH 
Gms | Gms} Gms} Gms) Gms} Gms Gms} Cal. 
3431| Butter, - = = - 180} 158] .4 2) 156) — 5} 1460 
3441| Cream, - - - - | 4205|1320|19.3| 122] 971 227| 25|/10395 
3438| Milk, whole, - - - | 3400} 493/20.8] 129] 197] 167) 27] 2992 
3433| Bread, = = = - | 1760/ToT1/26.4] 150] 30] 831) 18] 4688 
3420) Ginger snaps, - - - 240] 219] 2.6] 15] 15] 189 8] 1024 
3421| Shredded wheat, - = - 160] 144] 3.0] 17 2} 125 3} 640 
— | Sugar, - - - - TSO EOO Beene e OO ta 712 
3434| Cereal coffee, - - = |] isyoe! Siti LS 2| — 29) — 136 
= |) (eee eee - - = MA SOOl aelilan! ii] = |) = |) = 6 
shkotale - - - |15225/3557/73.2| 438|1371|1748| 86/22053 
3445| Feces, = 3 = = 829] 132] 6.8] 42] 28] 62) 32! g69 
Urine, 2 - 2 Se |e la rel ele 
Amount available, - - | — |3425/66.4| 396/1343/1686| 54/20544 
% | %|%|%| %| %| % 
Coefficients of availability, - 96.3/90.7/90.4)98.0 elec) ace 93.2 


During this experiment the subject eliminated 7633.1 grams 
urine, containing 67.2 grams nitrogen. The average nitrogen 
balance per day was therefore as follows: Income in food, 18.3 
grams; outgo in urine and perspiration, 17.4 grams, and in 
feces, 1.7 grams; implying a loss of .8 gram nitrogen, corre- 
sponding to 5.0 grams protein. 


The results of the digestion experiments are summarized in 
the following table. 
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TABLE 134. 
Summary of results of digestion experiments. 


STORRS AGRICULTURAL EXPERIMENT STATION. 


) () wo 
Z|s4 s 
Sz 2 Bs | eS ee 
Sa Se SUBJECT AND CHARACTER OF x = eS a 
we | Se EXPERIMENT. © my S 4 =| 
Ba sk c = i. 
Shlune 5 
PRELIMINARY PERIOD. 
Rest experiments. fo fo he & % 
37 5) | e@Or - - - - - 92.6, 94.0/98.0 75.2) 90.0 
A309) 28) EO-, Se re SP ys 91.0/94.4/97.4/73.1/ 89.9 
45 On mee Om - - - = = 90.8/92.1/95.8|73.0|88.5 
Gioy | 16g} |) 8s (Oe - - = - = 96.8) 96.3)98.9/ 86.5/93.1 
gfe die akat dl dB, Olas = - 92.0/93.4/98.5/79.1/9I.1 
Averiee (5) E. O., -  - 92.6/94.0/97.7/77.4|90.5 
ie Weedon lle aoe ik, ee Wiaetnae 93.9|96.8|97.7|69.8| 91.7 
WA Ow e2On el eese. fat ee, = Z = 88 .6/94.1/95.7/44.4| 87.5 
Average (2) J. My Sg4- oe ee 91.3/95.4/96.7/57.1/89.6 
aHsK0) | <Sial] Win (Ca Wig ss = - = 93.1/96.4/98.4/77.6/87.4 
oe ® E.O.,J.F.S.,J.C.W., 92.4 94.7 97.6 72.3 89.9 
fork experiments. 
39 13}: O)a- = = = = - 89.9/95.3|97.6/72.6|91.2 
404 alin eh vOr - : - - 90.3/93.2/97.8|74.4/91.4 
Average (2) E. Of aS iy 90.1/94.2/97.7/78.5/91.3 
T5332 200)|(c)eelvaisss Santas diet, = 94.3|96.4/98.7|76.3)93.2 
Dole 2c eeleasemratediets > = = 90.4|95.7/96.8/69.9|\91.0 
Averagel(2)ieabersss - - 92.3/96.1/97.8|73.1/92.1 
192 | 37 | J. C. W., carbohydrate diet, - 90.6|96.6)98.6| 80.0|90.7 
195 | 40 | J. C. W., carbohydrate diet, - 86.7/93.5|98.0/71.1/91.8 
TOS) 743 le CooWeetatdiets se - = 87.3|96.6|96.0/62.5|91.7 
202))\|\404|. ean Wie tatrdiet. y= = 87.5|95.3/97.8|69.9/92.1 
302 | 49 | J. C. W., carbohydrate dice = 85.1/94.5|93-.7/72.4/93.8 
ZO || SF eee: Wiss Tate bees oS = = gI.7|98.0|97.2|72.3/93-7 
Average (6) TACWWR Ieee he 88.2/95.8 96.9/71.4/92.3 
Average (10) E. O., J. F.S., J.C. W.,/89.4/95.5/97.2/72.1/92.1 
Average all (18) preliminary period, |90.7/95.1/97.4,72.2/91.1 
CALORIMETER PERIOD. 
Rest experiments. | 
SBS Ove hie vedi neat oti 91.2|93.9/97-7/75-3| 89.8 
44 8 E. @:; - - - - - 93.9/95.6|98.2|78.7/90.7 
46) OneBs O-; - - - - - 93.4/93.9|96.5) 78.9|89.3 
Fhe Nias’ E. OF - - - - - '93-9|93.2 98.1/76.4|90.2 
PROVE | ives |) dO se - - - - 194.4/95.5|98.9/86.2\/o1.1 
ey, |) ey || 1 Os. - = : : : 94.3/94.7|97.8|70.0|90.0 
85 | 24 | E. O., carbohydrate diet, - = 93-3/93.7/98.5/74.0/91.8 
Average (7)i.=) = 93.5/94.4/98.0/77.1/90.4 
TAS a e2S i |ealemee: = , fat diet, - - - 94.4/97.4/97-4|71.4/91.1 
T5O)|.20si |b bear. datraret. - - - |92.8/97.2/97.3|66.0|)90.6 
sey lt o-aey || fee S ‘ carbohydrate diet, - g2.0|/90.1/98.6)69.0)90.4 
Average (3), - - - - 98.1 94.9 97.8 68.8'90.7 
TQO3/,35) 4] Ga Wises - - - 92.1|/95.3|97.5|69.4/ 90.3 
Average (11) E. O., J. F.S., J.C. W., 93.2/94.6|97.9)74.1190.5 
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TABLE 134.—( Continued. ) 


ae: 7 
S+ ae ra] e | ss 
Bu | 9 v SUBJECT AND CHARACTER OF OM Re liaS pe 
Sans | Se EXPERIMENT. ° em 3 las 
AY vu Ay ‘S | 

E | Be | | : 

vu u 1S) 

CALORIMETER PERIOD, | 
Work experiments. Be OES tae i iad be 

40 6 i Oe. - - - - - - |91.8/96.9/98.3/79.8|92.8 

50 II EAOs, - - - - - - |88.4/93.0\97.5|71.8,90.9 

Average (2), - é = : - |90.1/94.9/97.9/75.8/91.9 

154 | 29 | J. F. S., carbohydrate diet, 2 - |94.5|97.2/98.7/80.0/93.5 
156 31 egba Ss tat diet, : - : - |94.8|98.3/98.2/80.4/93.7 
158 | 32 felioestatacdiet. - = E - |92.5|97.1|97.4173.2/92.5 
160 | 34 | J. F. S., carbohydrate diet, 2 - |92.495.0/98.4/68.6/92.8 
Average (4), - E - - - 98.5/96.998.2/75.6/93.1 

U@B | Bee | Ms Ge ue , carbohydrate diet, 2 - |90.1/94.2,98.8)69.4'93.0 
194 38 Jin Co Wheat heig ce = - |92.7|96.7/97.4/67.5|91.7 
196 AO Ih Vo tGe oF ’ carbohydrate fed = - |87.0/91.7/98.5/70.3/92.8 
197 41 JiCo Wr, tat dict. 5 - - - |Q1.2\96.1|96.8/67. 1/91 .4 
199 43 Nate W., fat diet, - = - |87.8197.4,96.8\69.6\92.3 
200 44 eC, ’ carbohydrate dice - - |84.5/94.0,98.6/72.5/93.3 
201 45 JC. Win tat diet, = - : - |86.7\97.2/96.2/68.2\91.7 
ZaZn\pnAOrr |}. C. W., fat diet,  - - 2 - 89.1/96.4.97.8|70.5|92.6 
204 | 47 | J. C. W., carbohydrate diet, zZ - |83.6195.0/98.3/67.8/92.7 
205 48 pCa Weertat diet i= - + - |88.2 95.6 96.6 61.9 90.9 
303 | 49 J. C. W., carbohydrate diet, = - |88.3'95.5.98.7|72.3:94.4 
BOA sow [nha Ce Wags = : = : - 89.2/97.1|97.0 71.4.90.5 
306 52, Ml eGo, Wives ’ fat dicts = : - |90.6/98.2/96.7/64.6193.5 
307 Bg) || ie CE Wh carbohydrate aes - - 86.0/93.4/98.5 68.8/93.7 
308 | 54-55| J. C. W., fat diet, - - - - |90.4|98.0.96.5/62.8)/93.2 
Average (Go), < 2 2 - 88.495.897.568.392.5 

Average (27) 20%, J. FO S:, ia CONV: 89. 595.997. 770. 492.6 

Average all (32) calorimeter period, 90. 8/95.5)/97. 871. 7 91.9 

Av. all (50) prelim. and calor. periods, 90.8 95.3 97.671.9 991.6 


The digestion experiments are arranged here in two groups, 
according to whether they were carried on during the prelim- 
inary period, while the subject was still going about outside 
the apparatus, or during the period of the metabolism experi- 
ment while the subject was within the respiration calorimeter. 
Under these two main divisions the results are still further 
classified as rest and work experiments, which are given sepa- 
rately for each subject. The experiments designated by ‘“‘car- 
bohydrate diet’’ and ‘‘fat diet’? were those in which large 
quantities of fat or carbohydrates were used, as explained in a 
later paragraph. 
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It will be observed that there is not a preliminary experi- 
ment for each metabolism experiment. The reason for this is 
that the metabolism experiments following No. 14 were made 
in series, with a preliminary period for the series rather than 
for each experiment; that is, there was a preliminary diges- 
tion period, after which the subject entered the respiration 
calorimeter and remained there for nine to twelve days consec- 
utively, and this latter period was divided into two or more 
metabolism experiments, each with its digestion experiment. 
This explains why the total number of experiments for the cal- 
orimeter period is larger than that for the preliminary period. 


Effect of confinement within the calorimeter upon avatlability.— 
The averages of the results of experiments within the calorim- 
eter are compared with those of experiments outside the calo- 
rimeter in the table below. ‘The rest experiments and the work 
experiments are given separately for the different subjects. 


Comparison of results of experiments during preliminary periods 
with those of experiments during calorimeter periods. 


g 
a S ral 
een hagas jae 8 fa 
= a 3 A 
fy a) w 
| & 
lene 
Rest experiments. % % yee Wh ee! 
E. O., preliminary period (average of 5), - = | 92).\6) || 9450. | O77 OORS 
E. O., calorimeter period (average of 7), - - | 93.5 | 94.4 | 98.0 | 90.4 
J. F. S., preliminary period (average of 2), =| 91.3), 95.491) OOu7e moogRe 
J. F. S., calorimeter period (average of 3), 2] 9320 .}194.9 | 07-8 | 90.7 
J. C. W., preliminary period (1), 2 = =. .93. 27 || 90.04. | 9824. mage 
J. C. W., calorimeter period (1), = - = || Q2.T ») 95.3 I O7ecmaOoes 
Average 8 preliminary, —- 2 - - | 98.4 | 94.7 |-97-6) 6828 
Average 11 calorimeter, - - -  - | 98.2 | 94.6 | 97.9 | 90.5 
Work experiments. | 
E. O., preliminary period (average of 2), - =) (90x, || O4e2 5 sO727, mo Res 
E. O., calorimeter period (average of 2), - - |:90.% | 04.9 | 9729 | Olea 
J. F. S., preliminary period (average of 2), = 292.397" QO 21156758" sg 2at 
J. F. S., calorimeter period (average of 4), = | 93155 |90.0 4] 98. 20 \hogem 
J. C. W., preliminary period (average of 6), - | 88.2 | 95.8 | 96.9 | 92.3 
J. C. W., calorimeter period (average of 15), - | 88.4 | 95.8 | 97.5 | 92.5 
Average 10 preliminary, = - - - - | 89.4 | 95.6 .|°97.2 | 9228 
Average 21 calorimeter, - - - - | 89.5 | 95.9 | 97.7 | 92.6 
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Apparently the sojourn within the calorimeter had little in- 
fluence upon the digestibility of the diet. In comparing the 
results of the different experiments with the same subject, 
given in Table 134 above, it will be noticed that in some in- 
stances the coefficients were smaller, and in others larger in 
the calorimeter than in the preliminary period. In a few of 
the experiments the differences were quite appreciable, but in 
most of them they were small; and generally the differences 
between preliminary and calorimeter periods were smaller than 
those between two experiments in the same period, as will be 
seen by comparing the agreement of the averages in the above 
table and that of individual experiments of Table 134. The 
averages for the preliminary and calorimeter periods for the 
same subject were reasonably close. In the averages of all 
the preliminary experiments with all these subjects and all the 
calorimeter experiments with all the subjects, the differences 
are practically negligible. That is to say, so far as the utiliz- 
ing of the food was concerned, it made practically no difference 
whether the subject was confined in a small room or was free 
to move about without limit. 


Influence of muscular work upon availability.—The experi- 
ments in which the amount of muscular activity was least were 
the rest experiments within the calorimeter. In these the sub- 
jects remained as quiet as they could during the greater part of 
the time; their muscular exercise consisted chiefly of that in- 
volved in writing, taking observations of body temperature, 
etc., caring for food and excreta, and folding or unfolding the 
chair, table or bed as needed. In later experiments the amount 
of work was even smaller than in the earlier ones, because the 
subjects dressed only in underclothing, to avoid the expendi- 
ture of energy involved in putting on and taking off their 
outer garments. The total amount of work performed each 
day during the rest experiments within the calorimeter was 
far less than that of a man at any ordinary sedentary occupation. 

During the days preliminary to the rest experiments within 
the calorimeter the subjects avoided all unnecessary exertion, 
but were engaged in their usual occupations, which with E. O. 
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and J. F. S. was that of the chemical laboratory, and with J. 
C. W. was that of a college student. It was not arduous for 
any of them, but involved more or less walking or standing, so 
that the amount of muscular exercise was greater than during 
the otherwise similar experiments within the calorimeter. In 
these the total amount of work done in a day would be at 
largest equivalent to what might be understood as that of a 
man at ‘‘light muscular work.”’ 

The exercise of the subjects during the days preliminary to 
the work experiments consisted of that of their usual occupa- 
tion and in addition the labor involved in pedalling the sta- 
tionary bicycle or a ‘‘home trainer’’ a certain length of time 
within doors, or in long walks or bicycle rides over country 
roads. The total amount of energy expended daily during 
these experiments would doubtless be equivalent to that of a 
man at ‘‘light to moderate muscular work.”’ 

In the work experiments within the calorimeter the subjects 
performed all the duties required of them in the rest experi- 
ments, and besides spent eight hours each day operating a 
bicycle arranged as an ergometer, for measuring the amount 
of work done. This was perhaps nearly equivalent to that of 
a man at ‘‘hard work.’’ In the last day of the last experiment 
(No. 308) included in this report the subject, J. C. W., 
worked much harder than ordinarily and continued the work 
for sixteen hours. 

The figures in Table 134 are arranged so that the results 
with each subject during the different kinds of experiment 
may be easily compared. From these it will be observed that 
in some cases, with the same subject, the coefficients of avail- 
ability are larger where the work is less, and in other cases 
they are smaller. The differences between the experiments 
with different amounts of work, however, are generally no 
larger than those between different experiments with the same 
quantity of exercise. Compare, for instance, the results in 
metabolism experiment No. 9 with those in the period pre- 
liminary to No. 9, and then compare the results in experiments 
Nos. 9 and 13 in the preliminary period, or Nos. 5 and 13 in 
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the calorimeter period. In the majority of cases, however, the 
variations of the individual experiments of one kind with any 
subject from the average of all the experiments of that kind 
with the same subject are small. In like manner the averages 
of the same kind of experiments vary so little with the differ- 
ent subjects that all the experiments of one kind may be ar- 
ranged for all the subjects together, and the averages of the 
different kinds of experiments may be compared as follows: 


Comparison of averages of results of experiments with different 
degrees of muscular activity. 


Protein. | Fat. ede Energy. 
| 
To sipeg ie a0 To % 
Rest experiments within the calorimeter, | 93.2 | 94.6 97.9 g0.5 
Rest experiments outside of calorimeter,| 92.4 | 94.7 97.6 89.9 
Work experiments outside of calorimeter,| 89.4 95.5 97.2 92.1 
Work experiments within the calorimeter,| 89.5 | 95.9 97.7 92.6 


These results indicate that the amount of work performed 
had no effect upon the availability of the nutrients of the diet. 
The average coefficients of availability of carbohydrates are 
very close for all four kinds of experiments; those for fat are a 
very little larger in the work experiments than in the rest ex- 
periments; those for protein are quite noticeably smaller in the 
work experiments. The latter difference is due, however, not 
to the increase in the amount of work, but to a decrease in the 
amount of animal protein in the diet. In the majority of the 
work experiments the quantities of vegetable foods were in- 
creased, and the proportion of the protein of the diet supplied 
in vegetable foods was much larger than in the rest experi- 
ments. Because of the lower digestibility of the vegetable 
protein, it would be expected that the coefficients found for the 
whole diet would be smaller than in the experiments in which 
the proportion of animal protein in the diet was larger. This 
is especially true of the larger part of the experiments follow- 
ing No. 195. By referring to Table 134, it will be observed 
that these are the ones in which the coefficients of availability 
of protein are lowest. 
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Liffect of fat or carbohydrates upon availability.—The results 
of the different experiments in which sugar or fat predomina- 
ted are grouped by subjects in the following table: 


TABLE 135, 


Comparison of the results of experiments with sugar diet 
and with fat diet. 


gil We é 
se | Be Mie: 3 
z ¥ | 3 y SUBJECT AND KIND OF Dent sh Soloed S 
bor Res EXPERIMENT. Pa | xs <i es 
Ag) oe 7 ‘ = fs 
alla aaalds a 
vu vo | 12) 
| /o % | | % % 
147 | P25 | J. F.S., rest, fat diet, s E - 193.9 96.8 97.7|69.8/91.7 
148 25 le en Seemest waticiers : - - |94.4|97.4/97.4171.4/91.1 
TAQ) |b) 2Ou eke Omerestutat diets = - - |88.6/94.1195.7/44.4/87.5 
150 200 || pelie So pbestatareciets 2 = - |92.8|97.2/97.3/66.0|90.6 
T5O)| (Pi 32)4|/S] cB. Ss. work. fatadict, "= - - 90.495.7/96.8/69.9/91.0 
157°) 31 | JB. S.y works fat diets - = : - |94.8/98.3/98.2/80.4/93.7 
158 ‘32 | J. F. S., work, fat diet,  - : - |92.5|97-1/97.4173.2/92.5 
Average (7 aii HyS:; - = - |92.5/96.7\97.2/67.9/91.2 
194 38 | J. C. W., work, fat diet, - «= |92.7/96.7/97.4/67.5|or.7 
197 AT | ini Ga WenwOrkey tat Giet.) = - |g1.2/96. 1/96. 8/67. 1/91 .4 
198 | P 43 | J. C. W., work, fat diet, - = - |87.3/96.6/96.0/62.5|/91.7 
199 43 | J. C. W., work, fat diet,  - : - |87.8197.4|96.8/69.6\92.3 
201 45, | JeG. W., work, fat diet; »- = - |86.7/97.2|/96.2/68.2/91.7 
202 | P46) J.C. W.., work, fatidict,. - - - |87.5/95.3|97.8|69.9/92.1 
203 | 46| J.C. W., work, fat-diet, - : - |89.1/96.4|97.8/68.2/91.7 
205 48 | J. C. W., work, fat-diet, - - - 88.2195.6.96.661.9/90.9 
305 52 | J. C. W., work, fat diet, - = - |91.7/98.0]97.2/72. 3193.7 
308 | 54-55] J. C. W., work, fat diet,  - = - |90.4/98.0/96.5/62.8/93.2 
Average (10) J. CAWe es - - 89.396.796.967.092.0 
Average (17) J. F. S., y. Cy W.,) .= 190-6196: 1197 067 4\91.7 
85 24 | E. O., rest, carbohydrate diet, - - |93.3/93-7/98.5/74.0|91.8 
152 28 | J. F.S., rest, carbohydrate diet, Si Q2e 0.90 0.1/98.6\69.0/90.4 
153 | P29 _ J. F. S., work, carbohydrate diet, - (94.3,96.4/98.7|76.3/93.2 
154 29 | J. F. S., work, carbohydrate diet, - 94.5/97.2/98.7/80.093.5 
160 34 | J. F. S., work, eas diet, - |92.4/95.0/98.4/68.6|92.8 
Average (4) J. F. - -  - 93.8/94.7/98.6/73.5/92.6 
ROS (P37 eaC Wy Wolke aes diet, - 90.696.6\98.680.0/90.7 
193 B7al Wie Wes work: carbohydrate diet. - |g0.1/94.2/98.8/69.4/93.0 
MoVSy | dewtoyal) Iker W.. work, carbohydrate diet, - |86.7/93.5/98.0|71.1/91.8 
196 40 | J. C. W., work, carbohydrate diet, - |87.0|91.7\98.5|70.3|/92.8 
200 | 44 J. C. W., work, carbohydrate diet, - |84.5|94.0\98.6|72.5|93.3 
204| 47! J. C. W., work, carbohydrate diet, - |83.6)95.0|98.3/67.8/92.7 
302 | P 49 | J. C. W., work, carbohydrate diet, - |85.1/94.5|93.7/72.4|93.8 
303 49 | J. C. W., work, carbohydrate diet, - |88.3/95.5|98.7|72.3|94-4 
307 53 | J. C. W., work, carbohydrate diet, - |86.0/93.4/98.5)68.8|93.7 
Average (9) J.C. W., - : - 86.994.398.0'71.692.9 
| naa Or J: F. S., J.C. W., 89. 194.398.2,72.392.7 
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It has been commonly supposed that if the quantity of any 
ingredient of the diet is very large the body will avail itself of 
a smaller proportion than if the total quantity consumed is 
smaller. In a number of the metabolism experiments (those 
designated by ‘‘ fat diet’’ and ‘“‘ carbohydrate diet’’ in Table 
134) the purpose was to study the value of different: nutrients 
as sources of energy to the body, and especially to compare fat 
and sugar in this respect. To do this, the diet was arranged 
so that the amount of one of these would be relatively large 
and that of the other relatively small. In the earlier experi- 
ments this was accomplished by taking out of the diet in some 
cases a certain quantity of fat, and substituting for it enough 
of sugar to supply the energy removed, or, in other cases, re- 
moving sugar or other carbohydrates from the diet and substi- 
tuting fat. In later experiments, more particularly those with 
J. C. W., a definite basal ration, with a moderate quantity of 
both fat and carbohydrates, was used, and to this was added a 
decidedly large quantity of sugar in some cases and a corre- 
sponding amount of fat in others. In other words, in order 
to make the comparative tests of fat and sugar effective, the 
quantities of either were in the earlier experiments somewhat 
larger, and in the later experiments very much larger than in 
the ordinary diet. In all cases where sugar and fat were thus 
compared the attempt was made to have the two diets as nearly 
equivalent in available energy as practicable. 

In the experiments with J. F. S. on a fat diet, the lowest co- 
efficient of availability of fat was 94.1, and the highest 98.3; 
in the average of seven experiments it was 96.7. In similar 
experiments with J. C. W., the lowest coefficient was 95.3, 
and the highest 98.0, the average of ten experiments being 
also 96.7. 

In the experiments with J. F. S. on a carbohydrate diet, the 
lowest coefficient of availability of carbohydrates was 98.4, and 
the highest 98.7; in the average of four experiments it was 
98.6. In similar experiments with J. C. W., the lowest co- 
efficient was 93.7, but this was the only case in which it was 
below 98.0; the highest was 98.8, and the average of nine ex- 
periments it was 98.0. The averages of all the experiments 
with ‘‘ fat diet’’ and all those with ‘‘ carbohydrate diet ’’ with 
both subjects are summarized below, in comparison with the 


242 STORRS AGRICULTURAL EXPERIMENT STATION. 


average of the results of eighteen experiments with the same 
two and one other subject, in which each of these nutrients, 
though varying in different experiments, was in no case espe- 
cially large. 


Comparison of results of ‘‘ fat diet’’ and ‘‘ carbohydrate diet”? 
w7th those of ordinary adtet. 


Protein. Fat. | fj eaaee Energy. 
% Jo | % % 
Average I4 experiments with carbohy- 
drate diet, - - - - - 89.1 94.3 98.2 92.7 
Average 17 experiments with fat diet, - go.6 96.7 97.0 QgI.7 
Average 18 experiments with ordinary | 
diet, - - - - = =o O24 94-5 | 97-9 90.5 


The average coefficient for carbohydrates is very slightly in 
favor of the diet with the larger quantity; for practical pur- 
poses it is the same as that for the ordinary diet. In the case 
of the fat the difference was more noticeably in favor of the 
diet with the large quantity; that is to say, where the quantity 
of fat was largest in these experiments the coefficient of avail- 
ability was greatest. The protein in the diets with the large 
quantities of fat and carbohydrates was less available than in 
the ordinary diet. This is due more probably to what has 
already been pointed out, namely, that the proportion of vege- 
table protein in the diet was much larger in the former experi- 
ments, than to any effect of the increase in the quantity of one 
nutrient in the diet upon the availability of the others. In 
fact, there does not appear to have been any such effect; the 
availability of the fat in the ration with the large amount of 
carbohydrates was almost identical with that in the ordinary , 
diet; while the availability of the carbohydrates was very 
nearly as large in the diet with the large quantities of fat as 
in the ordinary ration. 


In a previous report of this station* an attempt was made to 
establish factors for the digestibility of the nutrients of mixed 
diet which could be put into general use. ‘The results of some 
of the experiments given in the present article were made use 
of there, together with results of a number of experiments 


* Report for 1899, p. 86. 
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made elsewhere. The factors for availability of the nutrients 
of total food of mixed diet suggested at that time are here 
compared with the average of the results of all the experi- 
ments included in the present report. The former are given 
in round numbers. 


; Carbo- 
Protein. Fat. hydrates. 
e % % % 
Proposed factors, - = = = = 92.0 95.0 97.0 
Average of results here given, - = = go.8 95.3 97.6 


SUMMARY AND CONCLUSION. 


The purpose of the digestion experiments here reported was to 
find what proportions of the protein, fats, carbohydrates, and 
energy of ordinary mixed diet, when eaten by healthy men, were 
made available to the body. The results for the different nu- 
trients were found by comparing the quantity of each in the 
original food material with the quantity of the corresponding 
ingredient in the intestinal excreta. In the case of the energy, 
that of the unoxidized material of the urine was also taken tnto 
account, The results expressed tn percentages are taken as the 
coefficients of availability. 


These factors are frequently called coefficients of digestibility. 
It is a common practice to consider the solid excreta as represent- 
ing the indigestible portion of the food. This, however, is not 
quite accurate, because the feces include, besides the undigested 
residues of food, the residues of digestive juices, and other mate- 
vials, so that the amounts of ingredients in the feces are larger 
than those of the portion of the food which escapes digestion, and 
the proportions of digestible nutrients when calculated from total 
food and total feces are thus made too small, On the other hand, 
the total material of the feces does represent that which was un- 
avatlable to the body for the two chief purposes of nutrition, the 
building of tissue and the yielding of energy. Tt ts therefore 
more correct to apply the term availability to the difference be- 
tween food and feces. But while this term ts here preferred, the 
term digestibility may also be used in deference to common cus- 
tom, so long as the meaning ts clearly understood it ts of little 
importance which term ts employed. 
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Fifty digestion experiments are here reported. These were 
made with three different subjects,all young, active, healthy men, 
whose digestive powers were believed to be unimpaired. The 
individual experiments were generally three or four days in 
length, though a few were only one day and one was eight days. 
Eighteen of the experiments were carried on while the subjects 
were outside the calorimeter, and thirty-two formed part of the 
metabolism experiments with the subjects tn the respiration cham- 
ber. The amounts of (external) muscular work performed by the 
subjects ranged in different experiments from almost none to hard 
work eight hours a day, and tn one experiment sixteen hours. 
The diet was simple, and contained a number of common food 
materials, both animal and vegetable. In eighteen of the studies 
the quantities of the different nutrients were about the same as in 
ordinary diet. In seventeen experiments the diet contained large 
guantities of fat, and in fourteen large quantities of carbohy- 
drates, though the energy in these cases was not greater than was 
required to satisfy the needs of the body under the conditions of the 
experiments, 

No effect of individuality upon the availability of the nutrients 
of the diet ts evident. With each subject the range of variation in 
the results of similar experiments ts much wider than the differ- 
ences between the averages of similar experiments with different 
subjects. 

Tf the sojourn within the calorimeter had any influence upon 
the availability of the diet, tt was to improve it very slightly in 
some cases, while in others there was no apparent effect. The in- 
dividual experiments show considerable variation in the results 
inside and outside the calorimeter, the availability being with the 
same subject sometimes larger and sometimes smaller inside the 
calorimeter than outside. Comparing the averages of the results 
for all the preliminary periods for each subject with those for the 
calorimeter periods, the coefficients were slightly larger with E. O. 
and J. F. S. during the latter period, but with J. C. W. the av- 
erage results were practically the same for the experiments within 
the calorimeter as for those outside. 

Increasing the quantity of either carbohydrates or fat above 
those common tn the ordinary diet had no effect upon the avatt- 
ability of the other nutrients of the diet, while the availability of 
the fat or the carbohydrates in the experiments in which either 
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was used in large quantities was as large as, or larger than in 
the experiments in which the quantities were more nearly like 
those in the ordinary dtet. 

In these experiments more or less severe muscular work had no 
apparent effect upon the availability of the different nutrients of 
the diet. It made practically no difference whether the men were 
as quiet as possible, or were engaged in very light, or moderate, 
or severe muscular work, the proportions of unavailable material 
rejected by the intestine were no larger in one case than in the 
other. That ts to say, so far as the using up of the nutrients of 
the food was concerned, the amount of muscular exercise made no 
appreciable difference. 

Although the number of experiments ts large, there were not 
enough of them, nor were they made with enough different sub- 
jects, nor were there enough kinds and combinations of food ma- 
tertals to warrant final conclustons as to the average amounts of 
nutrients digested from ordinary diet by healthy men in general; 
at the same time the agreement of the results with each other and 
with those of other experiments implies that the general average 
zs not very far from an indication of the availability of the nu- 
trients of mixed diet when eaten by people in good health under 
conditions which obtain in the United States. Accordingly it 
would seem that we shall not be very far out of the way in as- 
suming that the coefficients of availability of the nutrients of 
mixed diet are: for protein, 92 per cent., for fat, 95 per cent., 
and for carbohydrates, 97 per cent. That ts to say, these figures 
may be taken as representing very nearly the proportions which 
are actually available to the body for the building of tissue and 
the yielding of energy. 

It is to be borne in mind, however, that these factors depend 
considerably upon the proportions of animal and vegetable foods 
in the diet, as the availability of the nutrients ts different in dif- 
ferent materials. Thus, the protein of animal foods, like meat 
and milk, is more completely digested and utilized than that of 
most vegetable foods, like beans or potatoes. The availability of 
the protein of mixed diet will therefore vary according as it con- 
tains a larger or smaller proportion of animal food. Roughly 
speaking, however, about 95-96 per cent. of the total organic mat- 
ter and g1-92 per cent. of the total energy of mixed diet will be 
available. To put it in another way, the body rejects about 5 per 
cent. of the nutrients and about 9 per cent. of the energy of its food. 

UT 
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METEOROLOGICAL OBSERVATIONS AT STORRS 
AND GENERAL WEATHER AND 
CROP REVIEW. 


REPORTED BY C. S. PHELPS. 


The Station equipment at Storrs for meteorological observa- 
tions consists of the ordinary instruments for determining tem- 
peratures, pressure of the air, humidity, rainfall and snowfall, 
similar to those in use by the Weather Bureau of the United 
States Department of Agriculture. A summary of the obser- 
vations made at Storrs is given in Table 137. 

In addition to the records made at Storrs, the rainfall for the 
summer season (May 1 to October 31) was recorded by eight 
farmers in different parts of the State in cooperation with the 
Station. ‘These measurements are given in Table 136, together 
with those supplied by thirteen stations of the New England 
Meteorological Society. 

The total precipitation for the year as recorded at Storrs was 
66.5 inches. This is the heaviest annual precipitation since 
the Station began observations in 1888, being about 19.5 inches 
above the average (47.0 inches) for thirteen years. ‘The rain- 
fall was exceptionally heavy during January, March, April and 
May and again in July and December. ‘The early part of the 
season was so wet and cool that farm work was greatly delayed 
and much seed rotted in the ground. ‘The seasons for plant- 
ing, cultivating and haying were crowded upon each other so 
closely that some kinds of farm work had to be neglected in 
favor of the most important. The hay crop was generally 
benefited by the wet season, but potatoes were nearly a failure, 
and corn was considerably damaged on many fields. Pastures 
continued to supply good feed throughout the season, so that 
the year proved to be a favorable one for the dairy farmer. 
From the table of rainfall observations reported from 22 locali- 
ties in the State, for the six months (May 1 to October 31), it 
will be noticed that the average rainfall for the State was quite 
heavy for each month except June. 
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The average temperatures for January and February were 
slightly below the normal for those months as recorded at 
Storrs, the weather for February being especially cold. The 
temperature for March was about normal while April and May 
were cool and wet. Frosts were not very damaging, yet the 
generally cool weather checked the growth of most of the crops. 
The last killing frost occurred May 6, although the damage was 
not very general. June was warm and generally favorable for 
all crops. The temperature for July was above the normal, 
while that in August was about the average for the month. 
Frost held off well in the fall, the first to do much damage oc- 
curring September 26, thus giving a growing season of 142 
days from the last killing frost in’ the spring. October and 
November were generally mild and especially favorable for 
harvesting crops and for fall plowing. 

The following general review of the crop season, given in 
the annual summary of the Climate and Crop Service of the 
United States Weather Bureau for New England, although 
pertaining to the whole section, will, in the main, apply very 
well to the conditions in Connecticut. 


REVIEW OF THE CROP SEASON. 


The crop season of rg01 opened fully as early as usual and under very 
favorable conditions. During the third decade of March the snow disappeared 
and the frost left the ground over the southern half of the section, but in the 
northern portion there was much snow at the close of the month, ranging from 
broken patches in the fields to four feet in the wooded lands and the mountains. 
The large amount of precipitation during March, together with the melting of 
the accumulated snow, furnished an abundance of water, and the soil was in 
excellent condition at the opening of the crop season as regarded moisture. 
The reports of the crop correspondents showed that winter grain and grass had 
wintered well, and that fruit buds were in a healthy condition. By the close of 
March plowing and gardening were in operation in Rhode Island and southern 
Connecticut. Growing crops, grass and winter grain, made good progress dur- 
ing April, and, at the close of the month, pastures and meadow fields were 
green and vigorous even in the most northern sections of the district; and an 
abundant hay crop seemed assured. Much early gardening was done during 
this month in all parts of the New England States. But owing to the wet con- 
dition of the soil, especially in the low lands, spring seeding and general plant- 
ing were delayed and were backward. The season was unfavorable to maple 
sugar and this crop was nearly a failure, the even temperature and the absence 
of sunshine being unfavorable to a free flowing of the sugar sap. Excepting 
grass and winter grain, crops were considered backward at the close of April. 
May, generally speaking, was not a good month for farming interests. There 
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was an excess of rainfall and a marked deficiency in the amount of sunshine. 
The soil was too wet and cold for growing crops and for the germination of 
planted seed. Grass continued in a promising condition, but for all other crops 
the season was reported late, from ten days to a fortnight behind the average. 
There was little improvement till after the 1oth of June. The warm, sunny 
weather, which prevailed after that date, was most beneficial to all growing 
crops; planting progressed to a finish and hoeing and general cultivation were 
carried on with much success. At the end of June potatoes were from a week 
to ten days later than for the average season but promising; a large crop of 
grass was ready for the harvest; fruit excellent except apples, which gave every 
indication of a light yield; vegetables and garden products, in general, were 
making rapid growth, and many of them ready for the market. About all crops 
progressed favorably through July; corn and tobacco were especially promising 
crops; potatoes improved, but were generally estimated as below the average; 
the hay crop was harvested under very favorable conditions, and the yield was 
one of the largest for a number of years. The weather during August was 
most favorable to growing and maturing crops and to harvesting. Potatoes 
continued to improve and were more promising than earlier in the season. 
With slight exceptions the apple crop was reported a failure, the yield being 
the smallest for many years and the fruit of inferior quality. The season closed 
with September and October, and under auspicious conditions, the weather 
being favorable to the harvesting of all farm products, to fall plowing and to 
seeding. The concluding reports of the crop correspondents showed bountiful 
yields of corn, tobacco and hay; vegetables plentiful and good, although pota- 
toes were below the average yield. Pasturage remained good well into Novem- 
ber and stock went to the barn in fine condition for the winter. Viewed as 
a whole, the crop season and its outcome were eminently satisfactory to the 
farmers. 
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TABLE 136. 
Rainfall during six months ending October 31, rgor. 
INCHES PER MONTH. 

Hw = 

LOCALITy. OBSERVER. a 3 ss a a a = 

See lest abet nani ania 

CO laeetalee ae 
id 

Canton, = eal Goe [pases = Safe et I.24/3.03/6. 2/5. 76/4.66\28. 32 

Clark’s Falls, - | E. D. Chapman, - |6.14 1.51|4.70/2.48 —|—|]— 
Colchester, - - | S. P. Willard, - |7.20/2.33/6.64/7.83/5.47|2.82/32.38 
Cream Hill, - = | (5 1Ge (Goll, - 16.90|1.69/4.57/6.97/4.52/4.37/29.02 
Falls Village, - | M.H. Dean, =~ |6.07/1.84/4.39/9.04/4.21/3.97/29.52 
lartkorden ss — - | H. H. Moore, - |7.20/0.86/3.23/7.57|5.04/3.60/27.50 
Hawleyville, - - | E. N. Hawley, - |7.23/1.01/5.64/7.81|5.02/4.14/30.85 
Lebanon, 2 = |) 18, Ac lal@roe, - |7.23|1.60/6.72/7.46/3.37/2.15/28.53 
Madison, = ale |eD)wielseys - 16.39/0.42/3.62/5.39/9.02/2.53/27.27 
Middletown, - - | A. P. Bryant, - |8.05/0.84|4.86/7.78/6.57|4.79|32.89 
New Haven, - | Weather Bureau, |6.38/0.25)/4.40/6.92/5.70/2.95/26.60 
New London, - | J. R. May, - - 14.75|1.20|2.38/1.35|4.92|1.60/16.20 
Norfolk, - - | G. O. Stoddard, - |3.98/1.90)3.33/7.40/3.40/4.40/24.41 
N. Grosvenor Dale, | Grosvenor D. Co., |5.12/1.50/4.32/5.O1/4.17/3.36/23.48 
Norwalk, - - | G. C. Comstock, - |8.34/1.29/4.89/8.97/3.08]3.48/30.05 
Southington, - | L. Andrews, - |7.00|0.50/6.30/5.95|6.60/3.55/29.90 
South Manchester, | K. B. Loomis, - |5.45/1.06/6.58/9.53/5.51/3.40/31.53 
South Windsor, - | J. N. Fitts, - |5.12/0.72|4.12/6.90/5 .61/3.15/25 .62 
Storrs, - - - | Exp’t Station, - /6.30)1.96/5.54/7.58|4.33]1.97/27.68 
Voluntown, - - | Rev. E. Dewhurst,|6.08/2.33/3.96/3.33/4.91/1.85/22.46 
Waterbury, - - | N. J. Welton, - |8.08/0.65/4.44/9.37/6.25|4.32/33.11 
West Simsbury, - | S. T. Stockwell, - |7.15|/1.60/2.54|5.82|/5.16/4.27/26.54 
Avetase wy — 6.52/1.29/4.556.685.1713.87\27.80 
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PUBLICATIONS. OF ‘THE STATION. 


The publications of the Station will be mailed free to all 
citizens of Connecticut, and to Granges, Farmers’ Clubs, and 
other agricultural organizations, that ask for them, and so 
far as circumstances permit, to those who apply from other 
states. 

To meet requests constantly received for information regard- 
ing the publications, a supplement to the Report for 1900 has 
been published, giving a list of the Annual Reports, Bulletins, 
and Reprints issued by the Station since its organization. The 
list includes that portion of the table of contents of each Report 
which gives the titles of the articles contained in it; the number 
and title of each Bulletin, and the title of each Reprint with 
the number of the Report from which it is taken. In addition 
to these, the titles of several Reprints from the Reports of the 
Connecticut Board of Agriculture concerning the work of the 
Station are also given. In the list those publications of which 
copies are no longer available for distribution are appropriately 
marked. 

Requests for the above mentioned list, or for any of the pub- 
lications of the Station should be addressed to 
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